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PREFACE TO THE SECOND EDITION 


Enough time elapsed since the first edition so that appre- 
ciable contributions to many of the subjects treated in this book 
have appeared in the technical and trade literature. The effort 
in the second edition has bwm to incorporate as much as possible 
of tliis new work and information on change in design of plants, 
procc^sses, and equipment without departing from the original 
idea of an elementary text. Some parts have been rewritten 
and several rearrangements have been made in an attempt to 
achieve greater clarity or simplicity in the presentation. 

The principal changes are in the chapters on Development 
and IMant Location. Minor changes have been made in other 
chapters where this seemed desirable. A large number of per- 
tinent references have IxM^n added to this edition. 

The author wishes to acknowledge many helpful suggestions 
offered by users of the book. 

Tiunk C. Vilbr.\ndt. 

Hi.ack.sburcs, V'iroinia, 
jemnary, nM2. 




PREFACE TO THE FIRST EDITION 

Chemical engineering design Ls divided into equipment design 
and plant design; it is the purpose of this book to deal only with 
the latter phase of design as applied to the chemical industries. 
Chemical engineering plant design is neither a unit operation nor 
a unit process, but must be considered as one of the tools of the 
chemical engim^ering profession. As a tool this book is pre- 
sented as an analysis of the fundamental principles and factors 
that are involv(M^l in the development of a technically and 
economically efficient plant process from the laboratory stage 
through the i)ilot plant stagers to the commercial size unit. 

The subject mattcT has been selected and developed with 
particular reference to advanced students of chemical engineering, 
recent graduates of such courses, and seasoned professional 
chemical engiiu'ers. The subjen t matter should also be of interest 
to executives in the chemical engimvring industries who have not 
lK‘en trained in the field of chemical engineering, to serve as a 
guide for their appre<‘iation of the application of chemical 
engineering principh^s to plant design. 

For tlu‘ student in chemical engineering, this book presents an 
opportunity for coordinating chemical and engineering informa- 
tion by the application of previously gained or readily available 
knowledge or facts to the design of an assembled chemical 
engiiu'ering plant; the desigiunl plant is based not only upon the 
application of accurate fundamental principles and data on unit 
operations to a plant process, but also upon the economic phases 
of the process, emphasis being placed upon costs as an important 
factor in plant design. 

The correlation of the data obtained through laboratory 
experimentation into a workable basis for dcvsigning a plant for 
the commercially feasible production of a chemical commodity 
takes into consideration a thoroughly studied organization of 
equipment and flow of materials in process and a study of storage 
and expansion. The writing of s|>ecifications for materials and 
equipment and the study of preconstruction cost accounting are 

vii 
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also considered in the analysis of the submitted design. As 
presented, plant design is built around a visualization of the 
process in terms of equipment as well as in terms of chemical 
reactions. A series of examples have been suggested for con- 
sideration as possible laboratory work for class purposes. 

The correlation of the material applicable to this tool of chemi- 
cal engineering brings together from widely scattered sources of 
information many of the latest concepts dealing with the design 
of chemical plants. References have been included as a guide 
for collateral reading. No originality is claimed so far as all 
subject matter is concerned, as much of the material presented 
can be found published elsewhere. It is essential that books 
dealing with unit operations and unit processes must serve as 
companion texts with this tool of the profession. 

Many individuals and corporations have provided material, 
without which the book would present an incomplete picture of 
plant design. To give due credit for such assistance, references 
have been made at appropriate places in the text to those 
responsible for important facts. The author f(»cls indebted to 
T. R. Olive of the editorial staff of Cheini(‘al and Metallurgical 
Engineering for many helpful and detailed criticisms and sug- 
gestions, especially for the organization of the material in the 
chapter on selection of equipment; also, the author wishes to 
express his appreciation for the kind suggestions and aid of 
Dr. O. R. Sweeney, head of the Department of Chemic^al Engi- 
neering at Iowa State College. 

Frank C. Vilbrandt. 

BLACKSBURCf, VIRGINIA, 

Odo&er, 1934. 
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CHEMICAL ENGINEERING 
PLANT DESIGN 


CHAPTER I 
INTRODUCTION 
CHEMICAL ENGINEERING 

Chemical Engineer, — The chemical engineer is one who is 
skilled in design, construction, and operation of industrial plants 
in which matter undergoes a change. 

Design comes first in the familiar trinity of functions that define 
the field of chemical engineering. Construction follows; then Operation 
carries on. Rut of the three, Design is the really creative function 
of the chemical engineer. Because it starts at the very beginning of 
the machine, or the process, or the jilant, chemical engineering design 
underlies practically all industrial progress. 8o it is that, in today’s 
crisis, imlustry turns to the chemical engineer for the basic idea, the 
new riewpoint, the scientific methcHl of attacking the crucial problems 
of pre.sent-day production and distribution. His is a most unusual 
opportunity. . . . His grounding in the fundamental sciences of 
chemistry, physics, and mathematics is, after all, the chemical engineer’s 
greatest siiecific asset. It gives him adaptability lacking in the older 
professions. It provides a logical approach to the problems of any 
business — a working proceilure for appl>'ing new knowledge and prin- 
ciples to industrial practice. More and more this creative function 
has become a determining characteristic of the chemical engineer. 
Today it offers him hLs greatest opixirtunity in laying out and carrying 
through the plans for rebuilding industrial prosperity.^ 

These lines, written as industry was dragging the bottom of the 
depression of 1930-1934, arc no less true today. Design will 
continue to be one of the most important functions of the 
chemical engineer. 

^ Kiskpatbxck, S. D., Chem. Met. Eng., 98, 185 (1931). 
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Chemical Engineering Plant Design. — The design of a chemical 
engineering plant is a fundamental chemical engineering problem; 
it is essential, therefore, that the chemical engineer should 
recognize design as hLs responsibility in connection with chemical 
plants. Chemical plants may be divided into two classes: (1) 
those that have grown up without any prearranged plan; and 
(2) those which have been designed for the purpose for which they 
are used. The first class provides neither for logical operation 
nor for logical extension; the second class follows some pre- 
arranged plan based upon space requirements, the layout of 
process equipment, and future expansion. Both building and 
equipment should be designed to give the most efficiemt produc- 
tion with a minimum of handling of material in process. Pro- 
vision should be made for storage, for expansion to fit in with the 
original arrangement without disturbing the flow of work, and for 
efficient coordination of process equipment. Other factors that 
should be considered in the design of building and (‘(luipment 
arrangement include: possible hazards of fire, explosion, chemical 
injury, injury to the health, the welfare of the worker, economical 
distribution of process steam and power, and expansion of 
production. 

All other factors being equal, an intelligently and carefully 
designed- plant has every advantage over one that has grown up 
in a hit-or-miss fashion by alterations and additions. The task 
of the chemical engineer is to calculate (juantities and yiedds, 
to consider the handling of materials in process and in storage, 
and to determine all factors relating to the flow of energy and 
its most efficient utilization. In addition, he must develop 
detailed costs of each unit operation so that, even before the 
plant is in blueprint stage, he will know not only the cost per 
ton for processing the raw materials, but also the cost per unit 
weight of material of each operation, such as grinding, crystalliza- 
tion, filtration, evaporation, drying, etc. 

The Plan of Attack. — The method of approach toward the 
solution of any problem cannot always be confined to one 
attack, but can be resolved in divers ways, depending on the 
equipment used to solve the problem. As it is in general, this is 
also true in chemical engineering plant design ; furthermore, the 
methods of approach depend ufmn the experience and training 
of the individual chemical engineer. So far as it is possible to 
give a preconceived plan, the one that follows, which was used 



INTRODUCTION 


3 


largely in the preparation of this book, is offered as an outline 
for the initial attack: 

A. Foundations. 

1. Building. 

2. Equipment. 

B. Drainage. 

1. Building. 

2. Equipment. 

3. Sanitary. 

C. Water, steam and chemical piping and pumping. 

1. Piping and installation. 

2. Pumping and installation. 

D. Building and power trartsmission. 

1. Industrial buildings, 

2. Illumination. 

3. Ventilation. 

4. Heating. 

5. Power motivation and transmission. 

E. The presentation of the ])roject. The chemical and physical nature 
of the process involved, with limiting conditions of operation, quality 
of raw materials and finished products, and market control. 

F. Mat('rials, (‘(phpnnait and operations flow diagrams. 

1. (Qualitative process flow diagram. 

2. (Quantitative proce.ss flow diagram. 

G. Sclec’tion of equipment. 

1. Standard and special designs. 

2. Specifications. 

3. C’hoice of materials for chemical construction. 

4. Selection of type's for service. 

5. Types and capacities of unit operation equipment. 

//. Plant layout and asvseinbly. 

E Eipiipinent location. 

2. Departmental arrangements. 

3. Materials handling; expansion; storage. 

/. Precon.struction cost accounting. 

1. Baw-materials costs. 

2. Building costs. 

3. Equipment <*ost8. 

4. Installation costs. 

5. Labor costs, 

6. Power costs. 

7. Water costs. 

8. Maintenance and repairs. 

9. General n'pairs. 

10. Depreciation. 

11. Overhead. 

12. Cost of production for unit quantity of commodity. 

Jn location of the chemical plant. 



4 CHEMICAL ENGINEERING PLANT DESIGN 

Value of Sketches. — Fundamentally, a sketch must convey 
to the chief draftsman a picture of an idea, or group of correlated 
ideas, from wliich he is able to design in detail. A well-worded 
treatise might convey the idea, or part of it, but the draftsman 
might have difficulty in interpreting the phraseology. Even 
if it were successful, a lengthy, detailed explanation would prob- 
ably be required, while picture is worth a thousand words. 
The draftman understands the language of pictures and sketches; 
to use this medium of engineering conversation reduces the prob- 
ability of misunderstanding. Frequent conferences are held 
with the draftsman to avoid enors, but the designer of the plant 
has less difficulty in conveying his ideas clearly and correctly 
when he uses the sketching method of conversation. In the 
development of chemical engineering ideas, line and mind pic- 
tures can best be conveyed to the manufacturers of chemical 
equipment if the chemical engineer will sketch and design the 
desired thought or idea. A sketch must be in sufficient detail 
to be clear, exact and complete for proper interpretation and 
use. It must be workable. Every item sketched must be on a 
separate sheet with the proper number of views to give a com- 
plete picture. Each sketch must be properly labeled and 
signed to permit its general use on other jobs and to permit 
ready filing. 

Bases for Good Design. — Good designs do not happen; they 
are founded on well-known, .sound principles. To create a good 
chemical engineering design, it is nece.ssary to possess a thorough 
knowledge of applied mechanics and properties of materials. 
An'interest in and a genuine liking for chemical plant layout 
and the solving of engineering problems is rociuLsite, together 
with a faculty of keen, appreciative observation, and the ability 
to analyze conditions and data. The chemical engineer accumu- 
lates data and determines in minute detail the variables that 
must be kept under control to ensure economy and success. 
From these data he makes preliminary dc.signs for the plant and 
writes specifications for the equipment and the materials needed. 
He indicates types and sizes of commercial equipment and 
supplies information for building and often for designing special 
equipment. The student in design must feel that every line 
that he puts down can be interpreted,’^ not only by himself, but 
also by an engineer or a craftsman. Each line must be so 
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definite that from it the machinist can turn out a machine or 
machine part, the carpenter a frame or pattern, the contractor a 
building. The student must know and have confidence that 
from his ‘Tines a workman can complete a piece of work. 
Also, one must get the habit of visualizing a whole before the 
thought is put into ‘Tines. In the final analysis, the develop- 
ment through details should be delegated to the draftsman; but 
a good engineer must himself be a sufficiently good draftsman 
so that his lines will convey his thoughts clearly for others readily 
to interpret. 

Drawings. — Drawings are made up of views obtained by 
orthographic projection and arranged in accord with the third 


Wafer 

'level 


Drive unif-*^ 
Turnfaibte fop-^ 




M 

W 


Effluent 



Influenf pipe^ 




' Sludge discharge pipe 


Fio. 1. — Assembly drawing (Dorr Sifeed Clarifier, center drive). 


angle. The number of views depends upon the object or con- 
struction to be de.scribed, two or three generally being sufficient. 
Each view shows the object as seen from a different position: 
(1) from above (plan or top view); (2) from in front (elevation, 
front view); and (3) from one side (elevation, side view). The 
views are generally arranged as the fii^st position for th^ right 
side view. Sometimes, however, it is desirable to revolve the 
side plane about an axis formed by its intersection with the 
horizontal plane. This gives the second position for the right 
side view. 

Working Drawings. — Any drawing used to give information 
and directions for doing work is a working drawing. There are 
two classes of drawings: (1) assembly drawings and (2) detail 
drawings. These have been listed as follows: 
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A. 1. Assembly drawings in outline or section. Design layout drawings. 
Erection drawings. Skeleton or diagram drawings (see Fig. 1). 

2. Assembly working drawings. Part assembly working drawings. 
Location drawings to show relation of parts with dependent dimen- 
sions and fits for two or more details (see Fig. 2). 
li. Detail working drawings. General purpose drawings (see Fig. 3). 



I DETAIL OF PUMPHOUSE! 
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K b^F/eJ/, Crane 525 
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H 4\be// and F/, pipe A'/545 
R Pump house foonda/fon 0 4 'be// and spigo/ C L pipe 
S Brickedwe// P PC! .Bk^.S.ei/-A-/W4 

T Bric/iwa// of pump housed Shaft extension 


Fio. 2. — AMemhly workina drawiiiK. 


Assembly Drawings. — It is sometimes desirable to give all 
the dimensions on an assembly drawing so that the equipment 
layout can be built from it. This gives in part an assembly 
working drawing. A part or group assembly drawing shows a 
group of parts in their relation to each other. If dimensioned, no 
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detail drawing are needed. Process piping or chemical plant 
diagrams are assembly drawings made to show the sizes, location 
and arrangement of pipes or equipment. When drawn to scale 
and complet(‘ly dimensioned, they are called piping or assembled 
plant designs. Krection drawings show the order of putting 
together, dimensions for center distances, location of pumps, 
presses, pipes, filters, evaporators, etc. 



Making an Assembly Drawing. — The purpose for which the 
drawing is desired must first be considered, after which the proper 
selection of views must be made. The next step is to determine 
the position of the views on the sheet and the scale to be used. 

Locate the main center and base lines for the assembly. Draw 
the larger stationary parts in the different views. Determine 
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limiting positions of moving parts if there are any. After this; 
the smaller parts may be drawn very much in the same order as 
though assembling the actual equipment. Since a small scale 
is often used, judgment must be exercised as to the amount of 
detail to be drawn. The character of the equipment must show 
in the completed drawing. Maximum distances for stationary 
or moving parts, positions for foundation bolts, locations of 
shafts, pulleys and piping, and other dimensions having to do 
with erection or connecting up must be checked and are often 
given on the drawing. 

Every piece of equipment drawn should have a name, a letter, 
or a number, so that it can be identified. The same name should 
always be used for a given part. The identification number or 
letter for a part is generally put in a circle near the name of the 
part or the views representing it. A legend on the drawing 
identifies the symbolized pieces of equipment. 

Every drawing should have a number and be recorded so as to 
be easily found. Systems of filing, numbering, recording, trans- 
mitting and keeping track of drawings vary with the kind of 
work and the extent to which the drawings are used. 

When a drawing is started the date and draftsman's name 
should be ^vritten on it. Wlien the tracing is completed it 
should bq_ signed, either in full or by initials, by all who have 
worked on it, as draftsman, tracer and checker, and by those 
responsible for its approval. Abbreviations lead to mistakes due 
to misunderstanding and should not be used when they can be 
avoided. When changes are made on a drawing they should be 
indicated. This is often done by enclosing a letter in a circle 
placed near the change; it is further recorded in the title or record 
strip with a statement of the change and the date when made. 

Detail Drawings. — Detail drawings are generally not con- 
sidered as part of chemical engineering plant design, but often- 
times, on account of the development of a new piece of equipment, 
such drawings become a direct respoasibility of the chemical 
engineer. For that reason some of the fundamentals of detail 
drawings are given here. A detail drawing (Fig. 3) is one 
that contains the necessary views of each single piece, com- 
pletely dimensioned and with specificatioas as to material, 
machining, etc. In making detail drawings, views should be 
chosen so as completely to describe the equipment. They 
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should carry dimensions without crowding and be drawn to a 
scale that will show the parts clearly. They may be made full 
size, half size, quarter size or eighth size, but it is desirable to 
avoid the use of different scales on the same sheet when possible. 
The detail parts are arranged in the same position and order that 
they will have in the assembled machine whenever this is possible. 
A space should be left between views of different pieces, keeping 
details that are closely related mechanically on the same sheet 
and making the drawing so complete that no additional informa- 
tion will be required for duplicating the parts shown. Small 
parts may be grouped together on the drawing, but standard 
small parts, such as pressure gages, oil and grease cups, lubri- 
cators, valves, bolts, screws, ball bearings, etc., which can be 
described by notes, can be drawn in outline or not at all. 

There are three major considerations when making a detail 
drawing: (1) choice of views; (2) treatment of views; and (3) 
choice of scale. A freehand layout sketch is very convenient 
and helpful, especially when standard-size drawing sheets must 
be used. First locate the main center and base lines for all 
views. Then draw the preliminary blocking-in lines for all 
views and finally work out the shape of the object. The general 
procedure for i)encil drawings is to block in with straight lines 
and large circles. The small circles and fillets are drawn last. 
If the drawing is not to l)e inked or traced, the dimension, exten- 
sion and section lines should be drawn very lightly and the figures 
and notes added. 

Character of Lines. — All pencil lines should be fine, clear and 
sharp, and for most purposes should be continuous. If drawings 
are not to be inked the final lines must be distinct but not too 
wide. Pencil lines for dimensions, sections, etc., should be fine. 
If the drawing is to be inked, it is not necessary to use different 
kinds of lines for penciling. The character and weight of ink 
lines to use are given in Fig. 4. For general drawings a fairly 
wide line should be adopted as it wears better and gives better 
results when blueprints are made. Large, simple drawings 
require a wide line, w'hile small intricate drawings necessitate 
narrower linens. Drawings that arc large and still have con- 
siderable detail in parts require more than one width of line. 

Lettering and Titles. — A certain degree of expertness in letter- 
ing is assumed to be one of the qualifications of present-day 
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engineers. The necessary training is included in all courses 
in mechanical drawing. 

Titles for drawings vary a great deal, as an inspection of 
blueprints will show. The titles for detail drawings may or may 

FuiUine fOT SOrAsCeS 

— — — — — Poffedftne fyr ins^isjb/e 

_ — C^ntfertine 

— — ■ ■ ■ ■' ' ■■ - - Dimension and SJtfension /tnes 

- — — — /tna 

- — ■■ - Light line for shacfec/ dnotdn^ 

ShodeHne foT Shochd dramng 

I — 1.1. ... ..-I — Ljne fbri>idic^f/ngj:>osft/on cA 

a 9 etction 

Used Ibrccnd/hons no/^ 

specihedahoi^ and on 

— ■ " graphic charts, etc. 

Ma/hee/^ierl/ghtcrheaigt 


Fig. 4. — C’haracter and weight of ink lines. 

not contain the name and location of the company. The name 
of the piece of equipment, its size and number, the names of 
details, record of changes, the scale, the date, and the nam(\s or 
initials of the draftsman and engineer can be included. Several 
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Fio. 6. — Drawing titles, (a) Hand title; (6) printed title; (c) record strip. 


types of title are shown in Fig. 5. A hand title, a printed title, 
and a record strip extending the whole length or width of the 
sheet are shown. 

Common Uses and Treatment of Sections. — When different 
pieces are shown in a section, they are indicated by changing 
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the direction of the crosshatching. The width of spacing 
between section lines Ls determined by the area to be sectioned, 
smaller areas having them closer together than larger ones. 
Different materials are sometimes indicated by different forms 
of section lining. Figure G gives the forms suggested by the 
American Society of Mechanical h^ngincers. 

The character of sectioning must not be depended upon to 
indicate the material. A note should always be added when 
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orCortpcufton or Insulation 



/^shlar Rock Original f'lllmg Sor*d Other Is 

Car/h 

Fk;. r>. a. S. M. Iv syml><>ls for sectioning. 


th(^ mat (‘rials are not pc'rfi'ctly (‘vident. The chief value of 
such sectioning is to make it easier to distinguish different pieces. 
When small areas are sectioned the surfaces may be blacked 
in.” When large areas are s(‘ctioiu‘d the surfaces may be indi- 
cated by short line's following the contour lines, sometimes called 
^4ierringbone^* sectioning. Dotted sections are in the nature 
of phantom views” where such lines are used on a full view to 
distinguish different pieces. This treatment sometimes saves 
an (^\tra view. A “developed s(M'tion'^ is one in which the true 
length of each part of the cutting plane shows in the sectional 
view. There are many cases where it is desirable to depart 
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from true projection in the interests of simplicity and clearness. 
When dotted lines tend to confuse, they can be omitted. 

Kinds of finished surfaces should be indicated by a note. Fin- 
ished surfaces are indicated with a symbol /; finished floor by 
grade line by a superimposed over feet by the 
mark (') and inches by ("), as 5'-3". The meaning of the differ- 
ent shop operations involved should be found by consulting a 
good shop handbook. 

Dimensioning. — The dimensioning of a drawing Is never 
started until all the views are complete, thus finishing the 
description of shape. Following this, extension and dimension 
lines are drawn to indicate the location of dimensions. Finally 
the arrow points, figures and notes are put on. A preferred 
system of dimensioning to follow is the placement of lines and 
figures outside of the object lines, starting from two reference or 
base lines at right angles to each other. Dimension lines must 
be kept away from other lines and from each other. Shafts 
should be dimensioned by giving the diameters and lengths, 
together with the sizes of keyways and pins, and their location. 
The position of bearings is sometimes shown by diagonal lines, 
either plain or blacked in, A note should be used in either case 
if necessary to make the meaning clear. Positions of pulleys, 
gears, etc., are located by center lines. 

Whatever wood constructions the engineer has to do with 
seldom require such close dimensions as arc common for metal 
machinery. Timbers are located by centers, and are dimen- 
sioned by note, e.g.j 2" X 4"; 4" X 0"; etc. Sometimes the 
length Is added, as 2" X 8" — 6'. Boards are specified by note 
as 1" X 10"; X 6"; etc. Such sizes are nominal rather than 
exact as a 2- by 4-in. piece may measure 1?4 by 3*^4 in., etc. 
General over-all dimensions should be given and any other dimen- 
sions that must come to a required figure. Such mechanical 
uses of wood as foundation timbers, cribwork, shelves, wall and 
ceiling planks to support or hold machines, pulleys, etc., must be 
drawn and dimensioned by the mechanical draftsman. Nails, 
screws, bolts, etc., are specified in notes. Nails are specified by 
a number followed by the letter **d”; 8d, for example, means 
that 100 nails of this size weigh 8 pounds and is read "8 penny." 



CHAPTER II 


FOUNDATIONS 

The Reference Line. — The first point for consideration in the 
layout of a chemical plant is the starting or reference point. 
The horizontal-plane n'ference lines are longitude and latitude 
and the vertical is elevation above sea level. Locations are 
always referred to some definite marking designated by the civil 
government of the locality. For a building a foundation is 
necessary, and for a foundation a reference line or datum line is 
necessary. The engineer's reference line is the ‘^mean sea level." 
The surface of the ground is too irregular, too unstable to be 
used as a reference line; therefore, bench marks, laid out by costly 
surveys by the Federal Government throughout the country and 
starting at a reference mean sea-level point, are used as the engi- 
neer's reference points. 

Suppose a foundation is to be laid. A line is run from a bench 
mark by a surveyor and a stake driven and marked at some point 
on the property to be used. This is the reference point from 
which the surveyor obtains measurements for driving stakes in 
the working area; and from these later the contractor wall 
know how' much he must excavate or fill to obtain the desired 
level for the building operations. 

Frost Line. — A foundation must not only be at a given level 
according to a bench mark, but it must be firm and fixed according 
to a horizontal line and must not be affected by variations in 
temj>erature and rainfall. First, one must consider ihe frost line. 
A good foundation must go below’ this to avoid effects of variation 
in temperature. In Alaska this may run to 10 to 50 ft; at Blacks- 
burg, Va., 15 in. is a safe depth; at New' Orleans, 6 in. is sufficient; 
while at Miami, Fla., the surface is the frost line. Figure 7 gives 
the mean frost lines for various sections of the United States. 

Bearing Load of Soil. — The frost line alone must not be con- 
sidered, however; a foundation must go down to the frost line, 
then as much deeper as will permit building upon solid ground. 

13 
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But the earth is only relatively solid; one cannot always build 
on solid rock. Oftentimes the terrain will not permit sii(*h an 



operation, in which case one must create an artificial base; or one 
might be fortunate enough to have a location where dry earth 
supplies the base. How heavy a weight will this earth hold ? Or 
how large does the abutment have to be to support the weight to 
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be placed upon it? The ground will carry a load dependent upon 
the nature of the soil. The limits of the weight that ground will 
sustain are from 0 to 30 tons per square foot. Such data on the 
varying sustaining powers of soils are to be found in engineering 
handbooks (see Table 1). 

There is a considerable (piautity of data which must be col- 
lected before a foundation is l)uilt. The geology of the locality, 
the resistance of the rocks, the possibility of slips, and the danger 
of disintegration of the rock are all matters to be investigated. 
If there is any doubt its to the material or the condition, borings 
should be made at the spot and the quality of the earth definitely 
established. 

Sometimes bad soil may necessitate a change of location in 
the interests of economy. Discovery of near-by deposits of 
gravel, rock or sand suitable for building purposes may warrant 
changes in building plans. Water close to the surface necessi- 
tates reinforcement of floors for both upward and downward 
pressures and re(iuirt\s wateri)roofing. 

Igneous rocks arc best for foundations and will sustain the 
greatest weights; swamp loam and quicksands have the lowest 
values. In such ciises it is necessary to add something to sustain 
the weight placed on the ground. If the soil is quicksand or 

Table I.— Safe Hearing Valves of Different Foundation Soils 

Tons per 


Material Square Foot 

Granite rock formation 30 

Limestone, compact beds 25 

Sandstone, compact beds 20 

Shale formation or soft friable rock 8-10 

Gravel and sand, compact 6-10 

Gravel, tlry and coarse, packed and confined 6 

Gravel and sand, mixed with dry clay 4-6 

Glay, ver\' dry and in thick ImmIs 4 

Clay, moderately dry and in thick beds 3 

Clay, soft 1-1 

Sand, compact, well cemented and conhned 4 

Sand, clean and dry, in natural beds and con6ne<i. ... 2 

rOarth, solid, dry, and in natural beds 4 

Quicksand, alluvial soils, etc 1 


Note. — The foundations for a building housing heavy, vibrating machin- 
ery, such as steam hammers, shears, and grinding equipment, should receive 
some allowance for possible compression and rearrangements of soil owing 
to the vibrations transmitted through it. 



16 CHEMICAL ENQINEERINQ PLANT DESIGN 

marsh, piles can successively be driven into the sands until tlie 
weight necessary to drive the pile a given distance is indicative of, 
or equivalent to, the value of the weight to be placed upon the 
soil. A factor of safety must be provided, however. New York 
builds its skyscrapers with little difficulty. Toledo, formerly 
a swamp site, limits its skyscrapers, owing to the cost of driving 
piles into the earth to form the foundation to support the super- 
structure. A typical example of the need for piling is given by 
Lundy^ for the erection of the sulfur developments in Plaque- 
mines Parish, La. Pilings, driven into the swampy soil, are cut 
off evenly; then reinforcing rods and wire are laid between the 
stumps; and concrete is poured, providing a concrete island, sup- 
ported on piling anchored into the soft soil. 

The frast line at Norman Wells, Northwc'st Territory, Canada, 
near Great Bear Lake, is about 5() ft. below the surface, dating 
back to the Glacial Age; naturally it never becomes completely 
thawed out. Each spring the soil is inclined to heave where there 
is any moisture, and becomes exceedingly spongy. In preparing 
such ground for a building or ecpiipment foundation, it was 
necessar\' first to remove the protecting moss to peu-mit the frozen 
ground beneath to thaw out to a depth of about 1 ft. The soft 
earth was then scraped off. River gravel wjis lu^xt laid down, and 
a giillage of steel members corLstmeted lik(' a mat, extending well 
beyond the area needed. CV>ncr(‘te was poured upon this to make 
a platform; nevertheless, all ecpiipmcnt had still to be guyed to 
prevent tilting should a portion of the ground thaw underneath 
the platform. 

To Determine Burdening Power of Soil . — Suppose the burdening 
power of the soil is not known. This can b(^ measured by rigging 
up a test platform: 

1. A log of definite cross section is placed endwi.se against the 
soil. A platform is built on this and a mast on the platform. 
Weights are now placed on the platform until it continues to 
sink slowly from day to day. 

2. A second method consists in driving a rod down into the 
ground and measuring the rate of movement against force of 
blow. 

3. A third method is to use a diamond core drill and note the 
structure of the substrata from the specimen. 

‘Lundy, W. T., Chem, Met. Eng.^ 41 , 116 (1934). 
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Fresh Fills and Excavations . — Judgment is important in solving 
problems of soil burdens. Fresh fills settle rapidly the first year, 
appreciably the second, and very little the third. The best 
policy is to build after the third year. However, buildings are 
constructed on filled-in swamps and marshes immediately after 
the fill; in such cases, the buildings are uniformly built to permit 
unit settling, the building settling as a whole. When the terrain 
is irregular, problems of excavation should be left to the civil 
engineer to calculate and to handle. The history of every plant 
site is of vast importance if irregular settling and misalignment 
in equipment are to be avoided. 

Type of Foundations. — A foundation may vary in the depth 
to which it is built on account of the specific nature of the struc- 
ture. The foundation of a house usually extends from 4 ft. 
below grade to 3 ft. above in order to get below the frost line and 
yet be high enough to provide for the placement of windows. 
Also, it may be d(‘sired to have the foundation slightly exposed 
to provide for drainage. Whether the base is to be champed 
or built straight up depends upon the structure; as a rule, the 
difference in cost in the extra amount of concrete is not sufficient 
to offset the cost incident to extra carpentry. It is exceedingly 
important that the base area be calculated and determined 
correctly. Also, the equipment must be centered upon the 
ba^e so as proi)erly to distribute the load, for otherwise the base 
will shift. Ample strength and abundant and well-distributed 
bearing cai)acity must be secured to prevent unequal settlement 
which would result in cracked walls, broken floors, balky doors 
and windows, breaks in pipes, misalignment of shafting and 
equipment, broken equipment, etc. Repairs resulting from 
such settlement are costly, and attempts at the repair of shifting 
foundations are likewise expensive and oftentimes unsuccessful. 
Strength of building and low upkeep depend to a considerable 
extent on good foundations; skimping in qualit}" of materials 
and workmaiLship is not economy. In all cases, a high factor 
of safety is used in chemical engineering structures, since the 
small additional cost in coastruction outweighs the unusual 
chemical hazards that may otherwise develop. 

Multiple Foutidaiions . — For multiple foundations such as piers 
to support the buildings, the problem of calculation and design is 
no more difficult than that for a single foundation. It becomes 
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necessary to consider distribution of unit areas, snow pressure, 
presence of live or dead weight and location of columns, curtain 
walls, etc. When regarded from the viewpoint of a multiplicity 
of single foundations, the foundations for many tanks or for a 
building are of simple design as shown in Fig. 8. 



Foundations for Equipment.' — There are still many points to 
be considered in the building before one is ready for setting the 
foundations and floors. At least one of the items of first impor- 
tance is drainage and the location of the sanitary system; then 
come water lines, then heavy equipment. One cannot build a 
chemical engineering building like a warehouse. The idea of 
^Lee, C. a., Chem, Met, Eng.f 46 , 330 (1939). 
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placing equipment in any sort of building has been discarded by 
chemical engineers. 

When erecting equipment foundations, one must consider the 
use to which the equipment will be subjected and the possible 
effects of vibration and shock on the foundations and equipment. 
Equipment placed upon a pier, foundation or floor of a building 
may produce sufficient vibrations to render the building and 
foundations subject to early deterioration. Also, outside inter- 
ests may desire to be freed from annoying vibrations. In such 
cases buffering materials such as sulfur, 
asphalt or timber, or some of the newer 
vibration-damping materials, must be 
used for support of the machinery on 
the concrete piers. Or the equipment 
may be placed upon piers of such 
moment and size that they will absorb 
the shock and vibration. The storage 
of liquids in tanks requires consider- 
ation of a large number of important details before design 
should be attempted. 

An effective method of installing foundation bolts to provide for 
sufficient play for placing of equipment is obtained by using a 
pipe sleeve about 2yi diameters larger than the bolt, imbedded in 
the concrete foundation as shown in Fig. 9. 

Steel -tank Supports. — The design of the foundation for a 
steel tank depends upon the type and design of the tank, which in 
turn depends entirely upon service. There exist tanks with flat 
and dished, concave and convex heads; tanks that are horizontal 
or vertical; tanks for pressure, atmospheric and vacuum service. 
In the design of the necessary foundations and supports for a 
steel tank to store tar, fuel oil or benzol, the tank to be placed 
outdoors, one must first consider the over-^lll dimensions and 
the shape of the ends, whether flat, dished or concave. The 
conventional radius r generally employed for the ends is taken 
equal to the diameter of cylinder or tank. If r = y diameter 
of cylinder, the head reaches maximum strength for a minimum 
quantity of steel. The end becomes a hemisphere. 

The next consideration is the lugs on which the tank rests upon 
the supports. These lugs (Fig. 10) are either welded or riveted 
to the tank and may be either cast or welded. 



Fig. 9. — Foundation-bolt in 
stallation. 
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The foundations should also be as wide as the tank, built 
below the frost line and of a size dependent on the load. The 
load is a dead load, and the foundations must be built to carry the 
maximum expected weight — that of the filled tank. The piers 



Fia. 10. — Riveted support lugs. 

likewise should be built to cany a uniform load. Precautions 
in construction must be taken to provide for creep and expaasion, 
which will vary considerably with temperature. 

Solid Piers. — Styles of foundation vary considerably. One 
type is the solid concrete or bricked-up pier, shown in Fig. 11. 
This type must be properly insulated from the tank to prevent the 



development of corrosion areas on the tank at points of contact 
with the pier. Wood, rubber or asphalt can be used for this 
purpose. 

Cribbing Piers. — Timbers can be cribbed, or if the storage tank 
is small, timbers can be bolted together, the tank resting in the 
cradle thus provided (see Fig. 12). Such supports provide for 
movement and shock absorption. 
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Supporting I-beams Resting on Piers. — This type of support, 
shown in Fig. 13, permits variation of temperature in the equip- 
ment without rupture of the piers by creeping. Usually the 
tank is anchored at one point, while the other supports or lugs 
on the tank are free to move on the I-beam. The I-beam is 
firmly anchored to the supports and the supports to the concrete 
foundations. The supports can 
be either standard piping or 
H-columns. 

Vertical Tank Supports. — In 

order to provide for variatioas 
in length or movement of the 
tank owdng to change in tem- 
perature, or if storage floor area 
is limited, vertical tanks may 
be used with supporting lugs 
located in the mid-section area, 
j)ermitting expansion to take 
place both up and down. A 
support of this type appears in 
Fig. 14. Such installation in often used in extraction batteries 
and stills. 

Solid -block Tank Foundations. — Vertical tanks of some impor- 
tance are oftentimes placed upon single huge blocks of concrete 
and the tank properly supported by dunnage strips to relieve 
any possible strain on the chime. The entire weight of the tank 
contents, therefore, rests upon the bottom. Where several 
vertical tanks of similar size and shape are to be erected side by 
side, the monolithic block foundation is built sufficiently large 
to support the entire assembly. Oftentimes the concrete founda- 
tion is extended above the ground several feet more than drainage 
requirements call for, for the additional concrete costs less than a 
short section of structural steel. 

Wooden Tank Fotmdations. — Poor foundations are a common 
cause for leakage of wooden tanks. In the design of good ones, 
there are three cardinal principles to be observed: 

1. The weight must be supported from the bottom only. 
The staves of wooden tanks must not carry any of the load, and, 
where the tank is to rest on a level surface, it is best to use 
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Fig. 13. — Horizontal tank foundation and support. 
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dunnage strips or sub joists that will support the bottom and 
raise the ends of the staves (chime) from the foundation. 

2. The supporting pieces under the bottom must not be spaced 
over 18 in. apart (and preferably less), and the bottom boards of 
wood tanks must run across the dunnage strips or joists sup- 
porting them. 



3. Concrete foundations, both monolithic and separate piers, 
must extend below the frost line when on the ground. 

Figure 15 shows a standard foundation for tanks on the ground. 
It consists of concrete walls with wood joists placed across them. 
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Fiq. 15. — Fifty-thousand-Kallon wooden tank foundation. 

DESIGN OF FOUNDATIONS 

In designing concrete foundations the following items must 
be taken into consideration: 

1. The grade level. 

2. Effects of frost on the foundation, 

3. Bearing load of the soil (see Table 1). 

4. Shape and distribution of the load. 

5. ^Weight to be supported by the foundation. 

6. Shape of the foundation. 

7. Type of concrete mix to use (see Table 2). 

8. Shearing and compressive strength of concrete. 

9. Dunnage under the load. 

10. Placement of reinforcement or anchor rods in foundations. 

11. Elevation of the foundation. 

12. Thickness of flooring if equipment is inside the building. 

13. Type of load on the foundation. 

14. Type of equipment support (see Table 3). 




Table 2. — Proportioning Concrete^ 
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Note. — Strength of concrete in direct shear, 60-80 per cent of compressive strength. 

• Ba«!d on 8. E. Thompson, Marks’ "Mechanical Engineeni’ Handbook.” 4th ed., p. 708. McGraw-Hill Book Company, Inc., New York, 1941, 

* Pounds per square inch at 28 days. 
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Note. — S afe loads above hea\'y lines are for values of l/r more than 120 but not over 160, where r is least radius of gyra- 
tion in inches. Safe loads for concrete-filled pipe columns are available in the same source of information. 

» From Masks, U 8., “Mechanical Engineers* Handbook,*' 4th ed., p. 1617. McGraw-Hill Book Company, Inc., New York, 1941. 



CHAPTER III 


DRAINAGE 

Gases released from drainage systems in a chemical plant, 
owing to defective design or installation of the waste-disposal 
piping, endanger the health and evcai the lives of the workmen. 
Such gases may arise from both the sanitary and chemical waste 
systems. Still greater danger and discomfort may exist when 
the two types of waste, in intermixing, act upon each other to 
accelerate or decelerate reactions that might occur normally 
or abnormally. In other cases, such as in food-products plants, 
the product may be contaminated by gases released from 
improper waste-disposal systems. 

Plumbing Codes in Chemical Plants. — The system for drainage 
and sewage, together with water supply and water-heating equip- 
ment and accessories, is installed by the plumber. This is 
\isually done in accordance with specifications prepared by the 
architect; in chemical plants, it will be in accordance with the 
wishes and desires of the operating chemical engineer, since 
drainage systems are connected directly with equipment. The 
specifications are also subject to official municipal regulations, 
because the local authorities assume responsibility for the 
installation of an efficient and safe system of sanitary plumbing. 
Systems for handling liquid wastes in chemical plants are not 
clearly defined in plumbing codes, the solution to the problems 
being left to the processor (until such time as damage to others 
may bring the case to the attention of the courts). 

Effluent. — The reference point — the lowest point in a drainage 
system — will in general be one of two types: (1) an effluent pipe 
into a sand pit, stream, pond or river; or (2) a tap into another 
sewer. An effluent of the first type must be well protected from 
washing by construction of a concrete support and spillway, 
with such a curvature as to direct the drain water out into the 
stream so that there will be no backwashing and undermining. 
An effluent of the second type, into a larger drain, is simply 

27 
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constructed; either the connection to the drain will be made 
at a preexisting tap, or a cut may be made into the drain and the 
terminal line cemented into place. 

Where the natural drainage is shallow and where rainfall Kay 
convert a tract of land into a shallow lake, drainage is difficult. 
Usual practice is to drop the sewage into a well, then pump from 
this reservoir to a higher level and at a distance to permit gravity 
disposal or long-distance pumping. Common practice for chem- 
ical sewage is to impound the waste and permit diffusion through 
the soil or diversion of the impounded waste througlf a treating 
plant or bed before it is run off into the natural drainage system. 

Capacity. — The first point to consider in determining the 
location and size of drains of a sewage system is the service to be 
rendered. The proper size of drain pipes for chemical plants is 
subject to considerable variance of opinion. Plumbing codes 
specify 4 in. as common for buried piping and 2 in. as minimum 
where suspended. The sizes of drains vary with the number of 
floors. In a chemical plant, however, the question is not one of 
connecting sanitary branches, but one of disposal of wastes, 
either corrosive or containing suspended matter. A small pipe 
allows scouring and prevents the deposition of solids on the sides 
of the pipe. Calculations of flow must be made if the time 
required for emptying is an important item in removing wastes 
from equipment or from an area. Floor drains cannot be con- 
sidered as all being in use to capacity at the same time unless the 
specific plant process calls for it. A flow of liquid to fill the pipe 
but half full should be considered as the carrying capacity of a 
drainage pipe. In Table 4 will be found data on the carrying 
capacity of different sizes of sewer pipe for various drops per 
100 ft. The pitch of a waste-disposal system Ls a matter of local 
health code specifications, but ordinarily this amounts to about 
in. per foot. 

Tile. — Drain tile and pipe are made of a variety of materials 
including wood, concrete, steel, unglazed vitrified clay, cast 
sulfur, terra cotta, salt-glazed vitrified clay or cast iron. Sys- 
tems installed underground are preferably constructed of bell- 
and-spigot or hub cast-iron pipe, calked at tha joints with lead. 
In a large number of the cities in the United States this is a 
requirement. The closing of cast-iron pipes is usually accom- 
plished with oakum and lead, and of ceramic pipes with oakum 
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and cement. Cast-iron pipe has fewer joints than tile pipe since 
its sections are generally 5 ft. long, against 2- and 3-ft. lengths of 
tile. Tile, furthermore, is more susceptible to breakage than 
cast iron, owing to settling. Terra cotta tile and pipe come in 
standard sizes, shapes and grades; these are sold locally in 3 ft. 
lengths, the 6 in. size costing about $0.45 each. Cast iron is 
manufactured in three grades: light (or standard), heavy and 
extra heavy. For chemical plants the standard grade is unsatis- 
factory. The extra heavy is costly, but, where corrosive liquids 
are dumped into the disposal system, the added life of the extra 
heavy more than offsets the initial high cost. Heavy pipe is ordi- 
narily considered the normal grade to use where corrosion is not an 
item. Wrought iron and steel can be used but are considered as 
highly unsatisfactory in chemical plants. As added protection 
against corrosion, cast-iron pipe is heavily coated with asphalt. 


Table 4. — Carrying Capacity of Sewer Pipe^ 
(Gallons per minute) 


Size, 



Inches fall 

per 100 ft. 



inches 

1 

2 

3 

1 6 

9 

12 

24 

36 

3 

13 

1 

19 

23 

32 

40 

46 

64 

79 

4 

27 

38 

! 47 

66 

81 

93 

131 

163 

6 

75 

106 

129 

183 

224 

258 

364 

450 

8 

153 

216 

265 

375 

460 

527 

750 

923 

9 

205 

290 

355 

503 

617 

712 

I 1,006 

1,240 

10 

267 

378 

463 

755 

803 

926 

1,310 

1,613 

12 

422 

596 

730 

1,033 

1,273 

1,468 

2,076 

2,554 

15 

740 

1,021 

1,282 

1,818 

2,224 

2,451 

3,617 

4,467 

18 

1,168 

1,651 

2,022 

2,860 

3,508 

4,045 

5,704 

7,047 

24 

2,396 

3,387 

4,155 

5,874 

7,202 

8,303 

11,744 

14,466 

27 

4,407 

6,211 

7,674 

10,883 

13,257 

15,344 

21,771 

26,622 

30 

5,906 

8,352 

10,233 

14,298 

17,714 

20,204 

28,129 

35,513 

36 

9,707 

13,769 

16,816 

23,763 

29,284 

33,722 

47,523 

58,406 


1 Kiddbr, F. E., and H. Parkbr, “ Architects’ and Builders’ Handbook,” 18th ed., p. 1751, 
John Wiley d: Sons, Inc., New York, 1931. 


Large-aized pipe is commonly made of concrete, cast on the 
job; or a concreted tunnel is constructed. Oftentimes such 
large constructed work is bricked in, e.^., the sewers of Paris. 
The smaller tile can be either straight joint or of the bell-and- 
spigot type. Building and sanitary codes of municipalities con- 
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trol the type and size of drain tile permitted, especially where 
the sanitary sewage of the plant is handled in the municipal 
system. In general, main soil pipe cannot be less than 4 in.; 
soil pipe for more than five water closets not less than 5 in.; 
drain soil lines not less than 4 in. ; and main waste pipes not less 
than 2 in.; when service is required for more than five sinks, 
urinals or showers, the size should be not less than 3 in. Vent 
pipes should not be less than 2 in. 

A knowledge of building and drainage codes, on the part of the 
engineer, will assist him readily to specify the construction of the 
system, from the digging of the trench in the proper place and at 
the correct drainage depth, to the connection of the reference- 
point effluent into its ultimate objective. 

Cleaning. — Provision for the easy cleaning of sewers must 
always be made. This is best accomplished by the construction 
of wells, properly bricked up or concreted, from which inspection 
of the lines can be carried on. At every bend, change in elevation 
or terminal point, means must be supplied for inspection and 
cleaning. Choosing the location of these points is all that it is 
necessary for the engineer to do, since the details of construction 
are standard according to certain city codes, and common labor 
can readily attend to the work. 

Should obstructions occur in the systems, there are several 
ways of loosening and removing them, including (1) jointed rods; 
(2) the ferret or rat draw line; (3) the shooting of an arrow with 
an attached string; (4) the use of alternate compression and 
suction; and (5) chemical treatment. 

When a string is drawn through the system, this pulls a heavier 
cord and this in turn heavier and heavier ropes, until one heavy 
enough to carry chains for rubbing back and forth can be drawn 
through. Turbine cutters attached to a hose and propelled by 
water enable the cleaner to cut away fibrous obstructions such 
as tree or plant roots. The use of chemicals used in loosening 
obstructions depends upon the nature of the drainage system. 
Caustic soda is ordinarily employed to peptize greasy obstruc- 
tions. One formula consists in the addition of granular zinc or 
aluminum to dry caustic; another contains calcium carbide. 
These addition agents react with caustic and water to liberate 
gases and so prevent setting of caustic. Also, such gases agitate 
the mass and facilitate removal of the obstruction. 
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Street mains usually are constructed below the pavement in 
the center of the street to provide service for both sides of the 
street. From the lateral tap the sewer line runs to a well before 
passing curtain walls into buildings, and a well should be pro- 
vided at the terminus of the sewer to make cleaning possible. 

Fittings. — Standard catalogues of fittings should be consulted 
to determine the available types and sizes of all parts of the drain- 
age system, because the construction of special equipment Ls 
costly. Plumbing and sewage contracting has provided an end- 
less choice of materials. Plumbers^ handbooks and trade 
catalogues are the best sources of information on different types 
of equipment available, giving service requirements, capacities, 
construction details, essential improvements and comparative 
costs. The large number of such sources of information 
available in manufacturers^ literature makes it unnecessary 
that detailed descriptions of such equipment and service be given 
here. 

Both the type and location of service urinals and stools for 
both men and women emi)loyees require prime consideration. It 
is important that the sanitary service be somewhat removed from 
the plant processing in order to simplify fittings underground. 
Process eciuipment service may interfere with sanitary service in 
drainage, since equipment drainage may overtax the system at 
periodic intervals. Therefore, each piece of equipment should 
drain directly into the main laterals. 

Elbows and Y-branches are the most common fittings.^ These 
may be screw, flange or bell and spigot. Small-sized fittings, 
3 in. and under, are generally screw fittings, and the larger sizes 
are provided with bell-and-spigot joints. Flanged fittings are 
special in ttie small sizes. The elbows are made in 90-, 60-, 45-, 
223>/2-> 1134“^ and S'^s-deg. angles. Street elbows of 90- and 
45-deg. angles are available; 90-deg. elbows with side-and-heel 
outlets are common. The Y-branches are generally 45-deg., 
although special types with other angles can be procured, such 
as the double 90-deg. elbows. 

Floor Drains. — Floor drains should be liberally used in a 
chemical plant. A pitch to the floor of 1 in. in 8 ft, is not suffi- 
cient for the rapid runoff so e^^sential to chemical plants, and a 

‘ Perry, John H., ^'Cliemical Engineers’ Handbook,” 2d ed., pp. 922-946, 
McGraw-Hill Book Company, Inc., New York, 1941. 
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pitch of from four to six times as much will repay the designer in 
efficient floor drainage. Floor drains are made with integral 
traps and cleanouts. If a simple trap is used, a deep seal trap 
and a cleanout flush with the floor should be provided. Drains 
for floors not on the ground should be provided with floor seals 
to prevent leakage seeping around the setting to the floor 
below. 

Pipe Joints. — Pipe joints of the hub type, or bell and spigot, 
are sealed, first, by packing with oakum, driven in tight, and 
following this with molten lead. Incidentally, the fact that jute 
approximates $1 per pound, while lead hovers around $0,084 per 
pound, makes a calked joint rather costly. Each joint for a 
2-in. pipe requires 4 lb. of lead and 0.1 lb. of oakum. For 4-in. 
pipe the quantities are 7.5 lb. of lead and 0.2 lb. of oakum, 
while a 6-in. pipe requires 10.25 lb. of lead an 0.3 lb. of oakum. 
All joints should be given proper attention for perfect sealing. 
Where small cast-iron piping is used, the joints may be screwed, 
buu these should be specially threaded and the fittings provided 
with raised internal parts that eliminate the recesses and dams 
found in the water and steam types of standard pipe fittings. 
Fittings of this sort give free flow of liquids and reduce the 
tendency to clog. 

Vents.— Where local health codes require that waste disposal 
piping systems be ventilated, a survey should be made of the 
specific code to ascertain the correct number and placement of the 
vents. Oftentimes, the code does not apply to chemical plant 
wastes; in such cases ample venting should be provided to elimi- 
nate the possibility of breaking trap seals on account of any rush 
of waste when a piece of equipment is voided. 

Traps. — h]very fixture and each piece of equipment should be 
separately trapped by a valve or a water-sealing trap placed as 
close to the fixture outlet as possible, and no trap should be placed 
more than 2 ft. from any fixture. The sizes of trap for chemical 
equipment depend upon the desired drain-off, but for sanitary 
purposes the minimum size is stipulated in the code. Closed 
traps must be of 4-in. size, while those for sinks, urinals, showers 
and the like must not be under 2 in. 

Traps are known as full S, J^S, or P, V, bag, running- Y 
and grease traps, and combinations, depending upon the use and 
configuration. Floor drains usually incorporate easy clean- 
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out traps in their construction to reduce joints and to add 
serviceability. 

Suspended Piping. — Suspended piping should be hung below 
the ceiling to permit ready examination of all connections. It 
should be provided with Y-branches at the changes in direction 
of flow, to permit easy access to the piping for rodding and clean- 
ing. Substantial support should be given all suspended piping 
in order that vibration and the weight of the pipe may not cause a 
slow sagging and opening of the pipe at the joints. 

Drains under Processing Equipment. — Detail drawings of 
drainage under equipment must show all construction and sewage 
lines up to equipment. Large openings and rapid runoff are 
desirable, so no traps are provided. Cleanout ferrules are 
always used to permit unscrewing the cap and securing ready 
access to the drain. Brass traps and ferrules are preferable 
because cast iron ^‘freezes” on long standing. 

A sudden rush of liquids from equipment into the drainage 
system would cause compression of entrapped gases in the sewer 
ahead of the stream, and a vacuum behind the stream. Such 
pulsation drains all the traps and permits permeation of odors and 
sew^cr gases. The breather system, by proper installation of 
vents, is always installed according to code. In order to prevent 
the back rush of liquids, a palmer or ball check is installed ahead 
of a condenser. Both check valve and subsequent trap should 
be accessible for cleanout. The bell of the trap extends down 
from the perforated or gridded floor screen, and covers a portion 
of the drain pipe extending above the bottom of the drain pit. 
More commonly the floor di'ains, drain screen, bell and outside 
form of the pit are cast iron. 

Sanitary Drainage. — If complex systems of traps and check 
valves are to be avoided, the sanitary sewage must run into a 
separate drain and sewer system. However, in municipalities 


Water faucets 

Showers 

Urinals 

Stools 

Fountains. . . . 


Table 5. — Toilet Facilities^ 

1 per 3 persons 

1 per 25 persons 

1 per 20 persons 

1 per 15 persons 

1 per 50 persons 


' Eblurb, V. M., and E. W. Stckl, "Municipal and Rural Sanitation," p, 267, McOraw- 
HUl Book Company, Inc., Now York, 1927, 
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this cannot be done and both types of sewage are mixed. Urinals, 
stools, washbasins, shovrcrs and fountains arc provided according 
to the needs of the force (see Table 5). Sanitary codes control 
in a measure what t> pe of service must be provided and, hence, 
must be consulted. It is sometimes only a matter of choice 
whether the board fence, galvanized trough, boards on edge, or 
the antidrip, continuous flushing, automatic, ultrasanitary type 
of stool be supplied. But to provide clean and sanitary quarters 
breeds carefulness and clean habits in the workers. Cleanliness 
and clean appearance, with accessibility, are as important in the 
plant as in office toilets. 

Testing Drainage Systems. — The necessity for testing waste- 
disposal systems should be evident to chemical engineers. Not 
only are suspended pipes a source of danger and hazard, but high 
leakage in underground pipe, through which chemicals may be 
flowing, insufficiently diluted by other streams, may seriously 
affect the structure or neighboring land. The water test is easy 
of application. The engineer should not permit the vertical 
stack, which connects the first and second floors, to be sealed until 
he can have the downcomer pipe plugged and all the openings 
closed except the one to the roof via the vent. Water should then 
be pumped in and the joints tested for leaks. Either a drop in 
the water level or visible evidences of leaks at the joints are 
sought. Additional tamping of the lead usually seals the leak. 
Plugging of the outlet and filling the underground system with 
water, with subsequent checking on the water level, enable one 
to ascertain to what extent underground haiks may exist. Such 
leaks are difficult to find. Consequently, the engineer should 
insist on an inspection of the waste piping before covering in 
the case of underground systems. 

Design of a Drainage System. — The points to be taken up in 
the design of drainage systems, in the order of their consideration, 
are as follows: 


1. Quantity of service demanded. 

2. Quality of service demanded. 

3. Reference point. 

4. Pitch of drain. 

5. Effluent protection. 

6. Wells and manholes for cleanout 

purposes. 

7. Ix>cation of equipment, 


8. location of traps with cleanouts. 

9. Location of check valves. 

10. Layout in buildinfi;. 

11. Provision for vents. 

12. Toilet facilities. 

13. Equipment drains. 

14. Fixtures. 
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Symbols for use in drawings are given in Fig. 16. 

General Rules of Drainage Design. — Even though the best 
quality of pipe material be used, the sewage system will give 
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Fig. 17. — Undiinensioiicd assembly plan of drainage system. 


unsatisfactory service unless certain precautions are taken in the 
design and installation. All underground pipe should permit 
as direct a run of sewage as possible; all changes of direction 
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should be with long sweeps or curves; and branch connections 
should be Y-branches (see Fig. 17). Ample provision should 
be made for cleaning out all lines, for chemical precipitates and 
sludges may settle in the lines and cause no end of trouble. 
Y-branches should be used at changes in direction of the lines and 
each branch provided with a calked-in ferrule, sealed with a 
close-fitting, screw-in brass plug. If rodding basins are per- 
mitted, these should be placed at connecting points of branch 
sewers to provide access to danger points. Iron rodding basins 
should be mounted flush with the floor and provided with sealed 
covers, to be removed only when the plugging of lines calls for 
cleaning out. After cleaning these should be resealed. A 
layout of sewer and drainage lines should be made so that 
proximity to piers or foundations is avoided, in cases where the 
weight of the pier or foundation would be likely to cause crush- 
ing or disruption of the lines. 



CHAPTER IV 


PIPING INSTALLATION 

MATERIALS 

Just as arteries and veins are indispensable to the life of 
human beings, so is piping indispensable to the life of the chemical 
plant, making it necessary for the chemical engineering designer 
to know something about pipe and fittings, pumps and their 
characteristics. A consideration of pumps forms the subject 
of the next chapter. Piping is a means of cheap transportation 
in almost every field. Such solids as ashes, sawdust, beet 
cossettes, cement or molten metals, for instance, are quite as 
readily conveyed by piping as are ordinary liquids and gases. 
Piping is the most flexible of all conveying systems, for it can 
readily be laid uphill, downhill or around corners. The possi- 
bilities of piping justify a critical study of each proposed chemical 
installation to secure the maximum utilization of all its good 
qualities. First cost, mechanical strength, life, maintenance 
and the quantity of impurities that will be introduced by the 
corrosion of the pipe itself are factors that must be considered 
in the selection of the most economical installation. 

The designer of chemical plants has a wide variety of piping 
materials from which to choose, including steel, wrought iron, 
cast iron, silicon iron, lead, aluminum, nickel, brass, block tin, 
tantalum, copper, rubber, Haveg, Bakelite, Lucite, Vinylite and 
plastics of other origin, Pyrex and other glasses, fused silica, wood, 
ebonite, chemical stoneware, vitrified clay and special alloys 
such as Monel metal and the alloys of iron with copper, chromium, 
molybdenum and nickel. 

Selection of Materials. — Cast-iron pipe is cheaply made and 
is used for underground gas, water and drain pipes, and some- 
times for exhaust and low-pressure steam. Wrought pipe, of 
iron or steel, is most commonly used, especially for high pressures. 
This pipe comes in random lengths, approximately 20 ft., and is 
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either lap-welded, butt-welded or seamless. For hot or impure 
water, brass pipe is preferred since it does not corrode like iron or 
steel. Spiral-riveted piping is often used for large diameters. In 
addition, for certain chemical operations, the use of chemical pip- 
ing made from special alloys, such as Duriron, Niros ta (and other 
chrome and chrome-nickel irons) and Monel metal, from special 
pure metals, and from stoneware, hard rubber, wood and indus- 
trial glassware, are often necessary. The use of synthetic plastic 
material for both pipe and fittings has recently been introduced 
(see also Table 40). 

Galvanizing, painting, asphalt or tar treatment of pipes is also 
resorted to for purposes of combating chemical corrosion. 

When superheat is to be maintained, it is recommended to use 
cast steel to the exclusion of iron castings under pressure for both 
valves and fittings. Superheated steam frequentl}^ causes cast 
iron to deteriorate very rapidly in strength, to “ grow ’’ and change 
in form, and to check and crack. 

Hydraulic pressures at this time are not unusual at 2,000 
or 3,000 lb. per square inch. The increase in weight and speeds 
of machines makes a high-pressure installation in many cases 
necessary. This is an economy, provided the piping instal- 
lation has the necessary strength to stand up under the strain. 
Shock is much more severe than constant pressure, and special 
precautions in both installation and selection of materials 
should be taken to provide for it. 

Pipe Sizes. — Wrought pipe is specified by its nominal inside 
diameter for sizes up to 12 in., above which pipe is purchased by 
the actual external diameter and threading. The Briggs Stand- 
ard dimensions are used in America. The nominal diameter 
varies from actual diameter as indicated in Table XIII, Appendix 
A. Extra-strong and double-extra-strong pipo are made for use 
at high pressures. The extra thickness is obtained by reducing 
the inside diameter, the outside remaining constant for a given 
nominal diameter. 

Hydraulic piping is made specially for the specific service 
demanded. Piping comes in random lengths, varying between 
12 and 22 ft., threaded on both ends, with a coupling on one end. 
Data on service, thickness, weight and strength of standard and 
de Lavaud centrifugal cast-iron pipe, bell and spigot and flanged, 
boiler tubes, lap-welded steel pipe, oil tubing, seamless tubing, 
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hammer-welded pipe, etc., are summarized in Perry's '^Chemical 
Engineers' Handbook,"^ Sec. 6. 

Working Pressures. — Low-pressure steam and water lines, 
valves and fittings are suitable for working pressures up to 30 
lb. steam pressure per square inch. 

Low-pressure, standard, and medium valves and fittings will 
stand a water working pressure 40 per cent greater than the steam 
working pressure in sizes of 12 in. and smaller. Sizes of 14 in. 
and larger will stand 20 per cent greater water working pressure 
than the rated steam working pressure. 

Material rated for 250 lb. steam working pressure, and usually 
designated as extra heavy, will stand a water, oil or gas working 
pressure of 400 lb. on sizes of 8 in. and smaller, and 350 lb. on 
sizes of 9 in. and larg(‘r. 

Hydraulic American standard flanges and flanged fittings, 12 
in. and small(*r, of 800-lb. grade, of 1,200-lb. grade for extra- 
strong, and of 3,000-lb. grade for double-extra-strong wrought 
iron, s(unisteel and (*ast steel are recommended for a maximum 
working temperature of 100°F., for pump columns, oil trans- 
mission lines, gas linens and hydraulic service where shock is 
negligible. The maximum working pressures are iis noted, Le., 
800, 1,200 and 3,000 lb., res|K^ctively. When subject to shock, 
such lin(*s are recommended for a maximum pressure of 500, 800, 
and 2,000 lb., respectively. 


FITTINGS 

Fittings are made both standard and extra heavy, flanged and 
screwed, of bra.ss, iron, steel and of special metals. Galvanized 
and brass fittings generally have screwed ends. 

Screwed Fittings. — There are many varieties of screw^ed 
fittings available for making all manner of connections, turns, 
and contacts. 

Specifically may be mentioned the following standard screwed 
fittings wdiich are available as stock and for wdiieh description and 
specifications are given in Pt^rry's ‘^Chemical Engineers' Hand- 
book," Sec. (), and in the several nationally known pipe, valve 
and fitting manufacturers' literature: 90-deg. elbow, tee, cross, 
reducer, Y-bcnd, return bend, square-head plug for fittings of 

^ Perry, John H., 2d cd., pp. 869-922, McGraw-Hill Book Company, 
Inc., New York, 19^11. 
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3 in. and smaller, bar plug for fittings over 4 in. reducer elbows, 
tees and crosses, female unions, male-and-female unions, railroad 
unions, gate and glove valves, check valves, couplings and joints 
of all kinds. 

Table 6 gives the specifications for pipe materials and construc- 
tion as given by Liddell. 

Small pipe is generally fitted with screw fittings, with both 
right- and left-hand threads available. Couplings, particularly, 
are provided with both right- and left-hand threads to permit the 
joining of adjacent sections of pipe; a standard union is to be 
preferred, even at a greater cost, because of better joint and 
fitting. For reduction, tees, ells, straight reducers or bushings 
are generally used, but if the opening is small in comparison 
with size of pipe, a hole may be drilled into the pipe or fitting 
at the desired point. However, the thickness of the pipe must 
be such as to give a sufficient number of threads. Tees can be 
provided with one or two reducing arms, the standard reductions 
using one stage; in order to get greater reduction, bushings are 
used. The same rule applies to crosses and ells. Ells are often 
furnished with angles other than 90 deg. If the fittings are 
for large pipe, the angles may also be 45, 223-^, and ll}4 deg. 
The introduction in recent years of welding fittings and welding 
eliminates^ a number of the fittings ordinarily used. Plugs of a 
variety of designs are available, but the square head is commonly 
used because of the ease with which a wrench can be applied. 

Flanged Fittings. — Flanged fittings are to be preferred to the 
screwed fittings for important or high-pressure work. Regular 
fittings are now made dimensioned according to the American 
standards devised by a committee of the A. S. M. E. and manu- 
facturers. These standards fix the dimensions for standard- 
weight fittings (125 lb.), from 1 to 100 in., and for extra-heavy 
or high-pressure fittings (250 lb.) from 1 to 48 in. 

Solder Joints. — ^‘Solder joint'' is descriptive of a particular 
type of connection through which valves and fittings are joined to 
copper tubing with solder. The valve or fitting and the copper 
tubing have close-fitting surfaces, and the liquefied solder travels 
between them by capillary action to give a more or less perfect 
seal. The use of solder joints for installation of copper piping for 
steam, hot and cold water, and special industrial servicing, is 
rapid, reducing friction losses common to screw fittings; copper 
tubing is sufficiently flexible to eliminate many fittings common to 
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extra heavy; w.i., wrought iron; c.s., cast steel; std., standard; c.i., cast iron; galv., galvanized) 
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wrought-iron piping installations. Dismantling for purposes of 
making additional connections requires only the heating of a 
soldered joint with the blowtorch. Couplings, tees, elbows, 
wrought-iron pipe couplings and valves in standard copper tubing 
sizes are available. 

Pipe Joints. — The joints betw^een pipes or fitting are the critical 
points in a piping layout. Common screwed joints may be used 
up to 23^2 i^^ > ground unions for the smaller, and flangcnl 

joints for the larger sizes. The smallest sizes in which flanged 
joints may be obtained, except for unions, are 2 in. for super- 
heated and blowoff steam, and 2 }^^ in. for all other servicing. 
Heavy cast-iron pipe is made with bell-and-spigot, or with flanged 
joints. I'langes are attached to pipe by screw-fitting the flange 
to the pipe, by riveting, shrinking and peening, shrinking and 
rolling, welding or by various special means used by individual 
manufacturers. 

Gaskets used between the faces of the flanges to secure tight- 
ness of seal are made of rubber, rublxu* with wire insert, rubber 
with canvas insert, asbestos, asbestos witli wire insert, corrugated 
copper (alone or filled with asb(‘stos rope), (‘orriigated sb^el or 
special alloy. An excellent compilation of all types of full-faced 
and ring gaskets, together with fonmdas for cements to use on 
specific jobs with gaskets for flanged joints, is given in Perry’s 
^‘Chemical Engineers’ Handbook,” ])p. 941 944. 

Expansion Joints and Bends. — The linear expansion and con- 
traction of pipe occasioned by differencevs of temperature of the 
fluid carried, and of the surrounding air, must be taken care of by 
suitable means. The amount of (‘xpansion or contraction in a 
pipe line of cast iron, wrought iron, st(’el, brass or copper, in 
length increase of a pipe 100 ft. long at various temperatures, is 
given in Table 7. (See Perry’s Chemical Engineers’ Hand- 
book,” p. 870.) 

Proper provision for the expansion and contraction of piping, 
without permitting undue strain, is made through the use of slip 
expansion, sliding or swivel joints or of pipe bends. The unbal- 
anced or slip expansion joint should not be used for high-pressure 
steam if it can possibly be avoided, but if for lack of room no other 
form can be used, the utmost care must be taken to secure the 
line to an anchorage which the unbalanced thrust cannot move 
under any circumstances. Sliding joints are quite r ompact, 
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Table 7. — Thermal P^xpansion of Pipes 


Temperature, 

°F. 

Steel 

Wrought iron 

Cast iron 

Brass and 
copper 

0- 

0 

0 

0 

0 

20 

0.15 

0.15 

0.10 

0.25 

40 

0.30 

0.30 

0.25 

0.45 

60 

0.45 

0.45 

0.40 

0.65 

80 

0.60 

0.60 

0.55 

0.90 

100 

0.75 

0.80 

0.70 

1.15 

120 

0.90 

0.95 

0.85 

1.40 

140 

1.10 

1.15 

1.00 

1.65 

160 

1.25 

1.35 

1.15 

1.90 

180 

1.45 

1.50 

1.30 

2.15 

200 

1.60 

1 . 65 

1.50 

2.40 

220 

1.80 

1.85 

1.65 

2.65 

240 

2.00 

2.05 

1.80 

2.90 

260 

2. 15 

2 . 20 

1.95 

3.15 

280 

2.35 

2.40 

2.15 

3.45 

300 

2.50 

2.60 

2.35 

3.75 

320 

2.70 

2.80 

2.50 

4.05 

340 

2.90 

3.05 

2.70 

4.35 

360 

3 05 

3.25 

2.90 

4.65 

380 

3 25 

1 3.45 

3.10 

4.95 

400 

3.45 

3 . 65 

3.30 

5.25 

420 

3.70 

3.90 

3.50 

5.60 

440 

3 95 

4.20 

3.75 

5.95 

460 

4.20 

4.45 

4.00 

6.30 

480 

4.45 

4.70 

4.25 

6.65 

500 

4.70 

4.90 

4.45 

7.05 

520 

4.95 

5.15 

4.70 

7.45 

540 

5.20 

5.40 

4.95 

7.85 

560 

5.45 

5.70 

5.20 

8.25 

580 

5.70 

6.00 

5.45 

8.65 

600 

6.00 

6.25 

5.70 

9.05 

620 

6.30 

6.55 

5.95 

9.50 

640 

6.55 

6.85 

6.25 

9.95 

660 

6.90 

7.20 

6.55 

10.40 

680 

7.20 

7.50 

6.85 

10.95 

700 

7.50 

7.85 

7.15 

11.40 

720 

7.80 

8.20 

7.45 

11.90 

740 

, 8.20 

8.55 

7.80 

12.40 

760 

8.55 

8.90 

8.15 

12.95 

780 

8.95 

9.30 

8.50 

13.50 

800 

9.30 

9.75 

8.90 

14.10 


Note: The expansion for any length of pipe may be found by taking the 
difference in increased length at the minimum and maximum temperatures, 
dividing by 100 and multiplying by the length of the line under consideration. 
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but the tendency possessed by the male fitting of the unbalanced 
expansion joint to skew sideways in the female fitting destroys 
the effectiveness of the expansion unit and results in damage 
to anchorages and supports. Swivel joints may be used with 
good results. The balanced expansion joint is a satisfactory 
straight-way joint, requiring only such anchorage as will react 
with suflScient force to overcome the friction of the stuffing boxes. 
A new type of compact, patented expansion joint, which is 
internally guided, obviates the above criticism and should find 
more ready adoption. Usually the female fitting is provided with 
an anchor for the system. 

Pipe bends form an important part in an}'' modern piping sys- 
tem. They add flexibility to the line and reduce friction losses. 
Also they are the most efficient and satisfactory means of taking 
care of expansions. The flexibility of the bend is determined 
largely by the radius used. The shorter the radius, the more 
rigid the bend. Furthermore, extremely short radii greatly 
increase the chance of ^^buckling.^^ The weight of pipe to be 
used in a pipe bend of any particular design is determined by: (1) 
the pressure under which it is to be operated; (2) the stress 
occasioned by the expansion to be taken care of by the bend; and 
(3) the (fiameter of the pipe. 

Where pipe bends are used primarily to take care of expansion 
and contraction, the use of steel flanges is recommended, regard- 
less of the pressure involved or the type of flange to be used. 

Valves. — There are many types of valve, among the more 
common being globe, gate and plug-cock valves. (See Perry's 
'^Chemical Engineers' Handbook," pp. 935-941.) 

The globe valve has a spherical body and a circular opening at 
right angles to the axis of the pipe. There are several objections 
to the use of globe valves although they are desirable when 
throttling is necessary. Among the objections are the resistance 
they offer to the fluid, and the water pocket present when they 
are used in steam lines, often a cause of hammering. Seats are 
replaceable in many manufactured types. Seats include plain 
flat, parallel, concave or spherical, rounded, square, and bevel 
types. Any of these forms may be made as a part of the valve 
body or separate, and either screwed or forced into place. 

A gate valve has' its opening perpendicular to the direct line of 
flow so as to offer little or no resistance to the flow, making 
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this type preferable for most purposes. It is somewhat 
quicker to open and generally lasts much longer than the globe 
type. 

A plug cock also has its opening perpendicular to the flow. 
The plug is ground into the seat to give extensive contact. 

The variety of valves made available by standard pipe, valve 
and fitting manufacturers includes such specialties as lever- 
throttle gate valves (quick-opening valves), expansion valves, 
check valves (swing or globe vertical spindle), foot valves, pres- 
sure-regulating valves, pressure-reducing valves, and Tanner 
or Stewart two-pressure operating valves. 

Among the more recent designs of valve are three types that are 
important adjuncts to chemical engineering equipment. These 
include (1) pressure lubricated plug valves, of which the Merco- 
Nordstrom is typical; (2) the Yarway seatless valve and (3) 
the diaphragm valve. In the case of the first the lubricating 
feature permits hydraulic pressure to be applied to release fro- 
zen or stuck valves so common in the handling of chemicals. 
Nordstrom valves are made of various metals and alloys and 
also of chemical stoneware. The second type, the Yarway 
valve, is a sleeve that finds favor among operators who are 
handling viscous or abrasive substances, or masses containing 
fibrous materials. The third type, the Hills-McCanna Saun- 
ders’ patent diaphragm valve differs from any conventional 
valve, being based on a new principle of design, wherein a tight 
closure is obtained without accurately fitted parts. The valve 
comprises two body units between which a tough resilient molded 
diaphragm produces an enveloping action. Valve bodies are 
available in cast iron, lined with glass, rubber, or lead or any 
machinable alloy, as well as Haveg or stoneware. Services such 
as acids, alkalis, viscous substances, semisolids and pulp can 
be handled successfully. 

Valves are operated by wheel or lever; where they must be 
placed in out-of-the-way places some type of operating mech- 
anism is ordinarily used, such as a floor stand, screw- or bevel- 
geared wheel, chain pull, or extension handle. 

The Everlasting valve is a quick-opening, straight-through 
gate valve with lever and ratchet control. Its clear-shearing 
and tight-closing characteristics make it quite common for 
handling sludges and chemical solutions. 
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PIPING DESIGN 

Basic Principles. — The following principles may be laid down 
as a guide to competent piping design, (a) Use of the proper 
metals of adequate strength and suitable thickness to provide at 
least a factor of safety of five and preferably a factor of eight 
based on the tensile strength of the material. Metals of a 
reasonably well known endurance or resistance to corrosion 
should be used. (6) Proper flexibility to ensure against the 
building up of dangerous expansion and contraction strains, 
(c) Proper and adequate support and anchorage to carry safely 
the maximum possible load and to prevent and completely 
dampen vibration, (d) Properly selected i)ipe-linc joints, depend- 
ent upon service requirements, (c) Complete control b}" valves 
of the proper design, material and workmanship installed in 
the line at both ends and at all outlets. Ease of access and 
convenience for proper operation and inspection are essentials. 
(/) Provisions for proper and complete drainage of the line at all 
times in service or not should be made. 

Piping Drawings. — There are several kinds of piping drawings, 
depending upon the purpose and requirements of the work. 
When drawn to a small scale, valves and fittings are shown by 
conventional representations as given in Fig. 18. Symbols for 
different kinds of piping are given in P'ig. 19 and in Table 8. 
Sometimes a freehand sketch is sufficient, or a line diagram, and 
on other occasions a large-scale drawing is necessary, consisting 
of several views of the entire system, together with working draw- 
ings of details. A drawing for construction purposes must give 
complete information as to sizes, position of valves, branches and 
outlets. A drawing to show the layout of existing pipe lines 
need not be so complete and is often made to small scale, using 
single lines to represent the pipe with notes to tell sizes, location 
and purpose for which the pipe is used. A drawing to show pro- 
posed changes should give both existing and proposed piping, 
using different kinds of lines to distinguish the changes. Dot- 
and-dash lines, dash lines or colored ink may be used for this 
purpose. A drawing for repairs may consist simply of the part 
to be repaired, or may show the location or connection between 
the repairs and apparatus or other parts of the system. Draw- 
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ings for repairs should be checked very carefully and should 
clear just what is to be replaced or repaired. 

Bibow not— Maive-Pion HC>— Check Vci/\/e 
Eibow Globe Vai\/e H>4- Vaive 

I T ^ Tee -t 5 i- Gate Vaive ThroPhie Wve 

Cfvss Gcrie Va/ve Elbow 

V-Branch 

Vaive Tee 


I T , Tee ~tOl — Oafeva/ye ^ ThroPhfe\^/ve 

Cfoss Gcrie Vaive Elbow 

V-Branch 

Vaive Tee 

1=1 Reducer Hxj- Vaive —0— Riser 

— H|h— Screw Union H?- Plug Valve ' jj Flange Union 


2" Elbow or en 



Fia. 18. — Valves and fittings: above, single-line ronventions; below, double-line 

conventions. 


The general rules for dimensioning drawings hold for piping 
plans, but there are additional points that may be mentioned. 
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Always give figures to the centers of pipe, valves and fittings, and 
let the pipe fitters make the necessary allowances. If a pipe is 
to be left unthreaded, it is well to place a note on the drawing 
calling attention to the fact. If left-hand (L.H.) threads are 
wanted, this fact should be noted. Wrought pipe sizes can 
generally be given in a note using the nominal sizes. 

Flanged valves, when drawn to large scale, may have the 
over-all dimensions given, including the distance from the center 
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Fig. 19. — Symbols for piping. 

to the top of the handwheel or valve stem when open and when 
closed, the diameter of wheel, etc. Separate flanges should be 
completely dimensioned as should all special parts. It is neces- 
sary that the location of the piping should be definitely given, 
which means that the parts of the building containing the piping 
must be shown and must be accurately dimensioned. The 
relative location of apparatus and pipe connections should be 
given by measurements from the center lines of machinery, 
distances between centers of machines, heights of connections, 
etc. 

Final drawings should be made after the engines, boilers and 
other machinery have been decided upon, for they can then be 
drawn completely and accurately. At least two views should be 
drawn, a plan and an elevation. Often extra elevations and 
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detail drawings are necessary. Every fitting and valve should 
be shown. A scale of ^ in. to the foot is desirable for piping 
drawings, when it can be used, since it is large enough to show 
the system in detail. 

Table 8. — American Institute of Chemical Engineers Color Code 

FOR Piping^ 

Safe. — Green, aluminum, gray, white (air), black (electricity). 

Protective Material. — Blue (water), bright blue (extra precaution). 

Extra Valuable. — Deep purple. 

Danger. — Yellow (low-pressure steam), orange (high-pressure steam), 

brown (gas). 

Fire Protection. — Red. 

1 Chem, Met. Eng., 84 , 758 (1927). 

Piping Sketches. — Sketching is an invaluable aid as a pre- 
liminary step in any kind of drawing, and the sketch is often the 
only drawing needed. ()ne\s idea can be made clear and the 
number and kind of fittings and valves checked up in thLs way. 
Where only a small quantity of work is to be done, a sketch may 
be made and fully dimensioned, from which a list of pieces can 
be made with lengths, sizes, etc. This will avoid mistakes in 
cutting, and the sketch shows just how the parts go together 
without depending upon memor>". Such a sketch may be used 
for making up an order, but in such cases it should be traced on 
cloth or thin paper so that a blueprint can be made as a record. 
An or pencil will give lines black enough to print if 

ink is not used. The figures, however, should be put on in ink 
in all cases. If only one or two copies are wanted, carbon paper 
may be used. Dimensions and notes should be put on as care- 
fully as on a finished drawing. The general procedure is much 
the same as for other kinds of sketching. First, sketch the 
arrangement, using a single-line diagram. When this is satisfac- 
tory the real sketch may be started by drawing the center lines, 
estimating locations of fittings, valves, etc., which should be 
spaced in roughly in proportion to their actual position. The 
piping, valves, etc., can then be sketched in, using any of the 
conventions showm in Figs. 18 and 19 or those suggested in 
the American Institute of Chemical Engineers code for piping (see 
Table 8). Finally, locate the dimension lines, figures and notes, 
together with the date and a title of some kind. Pictorial 
methods can be used to great advantage for sketching pur- 
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^'7b crude oil tank car To finished oil fank car 

Fig. 20.—^, Pictorial single-line sketch of piping; h, a developed general pipe-layout sketch. 
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poses, especially for preliminary layouts, since the directions and 
changes in levels can clearly be shown. 

Developed and Single-plane Drawings. — It will often be found 
convenient to swing the various parts of a piping layout into a 
single plane, in order to show the various lengths and fittings in 
one view. Different methods of showing piping are here illus- 


8 "we/ dec/ heac/er. ^ 

otto." 'i 


^'/^ ^pres&. regu/or/vr 



! strainer ^-1" valve 


' ^rpress. regulator 

pop \/a/\/e /n ouHet^ 


Plan 



trated; Fig. 20a is a pictorial view using single lines to show 
the position in space; Fig. 206 is a ileveloped pipe-layout sketch 
with the sizes, fittings, etc,, written on. In Fig. 21 a developed 
drawing in two views with complete dimensions and notes is 
given. Such drawings are valuable when listing or making up an 
order, as well as for the use of the pipe fitters in doing the work. 


PIPE INSTALLATIONS 

Piping around chemical and other plants is supported overhead 
or buried underground, either inside or outside the building.^ 
Underground Installation. — Laying a pipe line in a tunnel (1) 
reduces the heat losses and insulation costs; (2) does not occupy 
^ Hartford, F. D., Chem. Met. Eng,, 89 , 254 (1932). 




52 


CHEMICAL ENOINEERINO PLANT DESIGN 


% 

valuable overhead space; and (3) protects the piping from 
mechanical injury and freezing. However, it is a good rule to 
consider some of the disadvantages before installing wrought-iron 
or steel pipe underground. Leakage, which would be diflScult 
to locate underground, is virtually certain to occur in chemical 
lines sooner or later. This would require frequent inspection 
and would make repairs difficult. When piping must pass under 
certain obstacles, for example, under a concrete roadway or under 
a shallow stream, it should be installed in such a manner as to 
permit it to be withdrawn readily for replacement. Underground 



Fia. 22. — Methods of installing pipes in trenches. 


piping is also subjected to the usual underground corrosion. 
The tunnel should be built below the frost line to avoid movement 
of the line^. Pipe supports are easily installed in an underground 
trench or tunnel and are usually of simple design, either the 
roller, wedge or common pipe or bar. 

Several methods of installing pipes in trencheg are given in 
Fig. 22a, h and c. That of Fig. 22c^ is a satisfactory and eco- 
nomical method in which the two rows of pipes are placed along 
the trench walls with a working aisle in the center. This aisle 
should never be less than 18 in. wide, in the clear, and should be 
wider for larger pipe sizes. The pipes are hung by U-bolts 
from 4-in., 7J^-lb. I-beams, placed 6 to 8 ft. apart along the 
trench. The beams rest in pockets especially provided for them 
in the trench walls so that the top of each beam is about 2 in. 
below the trench cover. The beams are subsequently grouted in. 

Steam lines and returns, all hot-water lines and any hot-chem- 
ical lines that run outside the power plant or between buildings 
can be run underground. These lines may be insulated by a 
special system of underground insulation (see Fig. 23). 

i Kbamib, B., Chem, Met. Eng,, 89 , 456 (1932). 
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Overhead Installation.' — The advantages of placing piping 
overhead are: (1) ease of inspection for workmanship and leakage; 
(2) ready availability for repair at any point; and (3) freedom 
from the usual underground corrosion. The disadvantages of 
such placement include exposure to freezing, to variations in 
temperature, and to mechanical injury with attendant danger 
to passers-by, if the pipe should burst. 



Fio. 23. — Types of insulated underground pipe support. {Johns-Manville, 

New York.) 

The simplest type of overhead pipe hanger anej support is the 
extension-bar type which can be used by itself both as a hanger 
and as a ring when bolted around pipe. Such hangers are fur- 
nished in lengths of 5 to 10 ft. and can very readily be cut on the 
job. The ring-and-bolt type comes next in simplicity. Both 
are standard equipment and can be obtained from any pipe 
supply company. Another type is the expansion pipe hanger. 
The adjustable angle-iron hanger and the adjustable pipe or 
rod hanger can be used with one or more pipes, usually suspended 
from beams by beam clamps. The wedge, roller and adjustable 
roll and stand for support on piers or hangers come in a consider- 
1 Hartford, F. D., tWd., p. 255. 
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Fiq. 24. — Interior pipe hangers. 
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able variety of patterns. The wall sleeve, the tinned strap and 
wrought-iron hook are used for pipe supports when strain or 
weight is of small consequence. Many typical methods of 
supporting piping are shown in Fig. 24, all of which are self- 
explanatory. Standard types and special supports can be 
found in the trade literature catalogues of many prominent 
manufacturers. 

Sometimes it may be possible to carry elevated piping by 
brackets attached to buildings, but in general the overhead 
structure will consist of indc])endent posts, or towers with beams 
or A-frames or trusses, as in Fig. 25. 

In designing such structures the clearance and gradient are 
primary considerations. The headroom required over railroad 
tracks usually' is 22 ft. and may need to be more to accommodate 
locomotive cranes. Plant roadwaj^s or power lines may also 
require consideration. Overhead piping should be set on a grade 
so that it will drain to facilitate repairs and to avoid air pockets 
or low places which may freeze or permit the deposition of 
sediment. 

When the height of the piping above the ground has been 
decided, the proportioning of spans is the next factor: 2 .e., 
whether to use more posts and shorter spans or fewer posts and 
longer spans. In general, the most economical arrangement is 
obtained when the total cost of the uprights equals the cost of 
the trusses. However, buildings or other structures or obstacles 
along the line will frequently determine the location of the 
uprights. These uprights may be ordinary wood poles, steel 
pipes, lattice steel posts, or braced steel towers, depending on 
the height and loads to be carried. Rigidity is more impor- 
tant than mere load-carrying capacity; a light steel tower, 
well braced, is less expensive than a single solid column of equal 
rigidity. 

The trusses supporting the piping between uprights take many 
forms of which those of Fig. 26^ are examples. These trusses, 
besides supporting the pipe, should also carry a walkway wherever 
possible. One of the simplest trusses for carrying a number of 
small lines, and also providing a working platform, consists of 
one or two steel stairstringer channels laid flat and trussed with 
rods underneath. Ordinarily, the length of such a span should 

^ Hartford, F. D., ibid . 
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JI_We/dedIl rod 

Pia. 25. — Pii>e posts and towers. Fio. 26. — Pipe-truss details. 
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equal twenty-five times the width. The channels may be welded 
or bolted together and the trussing welded solid underneath so 
that the span can be placed in one piece. Such a support is 
especially suitable for glass, hard-rubber, fused-silica, vitri- 
fied-tile or silicon-iron piping. 

For single lines of large, heavy pipe, steel trusses fabricated 
specially are usually required. A particular feature of such 
trusses should be to allow the piping to be swung up into place 
with the least work; in other words, the piping should be set 
between or below the trusses rather than above them. When 
single lines of steel pipe 2 in. and larger are used, then an espe- 
cially economical form of bracing may be arranged whereby the 
pipe itself forms the top member of a truss frame (see Figs. 25 
and 26). 

Process Steam Piping. — In refineries, power plants and many 
processing plants, designers are continually faced with the prob- 
lem of connecting the apparatus with pipes of the proper capacity 
and pressure. Often, long after the piping thus designed has 
been built and is in actual operation, similar additional problems 
continue to be a regular part of the work. 

Steam is delivered from power plants at pressures above 150 
lb. gage, but practically all chemical plant processes operate at 
15 lb. or less, except where specially constructed equipment may 
be necessary, such as thick cast iron to withstand corrosion. 
Black-iron (steel) pipe is ordinarily used for steam. When oil 
is the heat-transfer medium for high-temperature processing, 
equipment not especially constructed for high-pressure work 
can be used. 

Steam Reducing and Regulating Valves. — Jacketed equipment 
of many kinds, for which the safe working pressure is 15 to 30 lb., 
is common in chemical plants. In order to bring steam down 
from the line pressure, a reducing valve is necessary. This is 
placed in the service line between the feed and the equipment. 
To assist in repairing a reducing valve, which often leaks or 
becomes unseated, a by-pass should always be made around the 
reducing valve (see Fig. 21 ) . Such a by-pass is best provided with 
a globe valve to permit manual control of pressure if the reducing 
valve is out of service. In order that this can be accomplished, the 
reducing valve should have valves on both inlet and outlet sides, 
with the pressure gages beyond the by-pass connections. Valves 
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of all kinds leak, and such leaks, when the plant is not operating, 
would permit the building up of pressure in the service lines and 
equipment; such conditions might lead to destructive con- 
sequences should the equipment be unable to withstand the 
pressure. Therefore, service lines close to the ecpiipment should 
be provided with safety pop valves adjusted to safe {)ressures in 
accordance with the equipment in use. A popping valve, hence, 
indicates leakage at the reducing or shutoff valves and the need 
for repair. 

Selection of Steam-pipe Size. — It is quite important in the 
design of piping connecting various pieces of apparatus to select 
a pipe size large enough to deliver the retiuired (juantity of steam, 
allowing for friction loss of pre.ssure. On the otlau* hand, the size 
must not be so large as to makc^ the first cost of the installation 
unnecessarily great At the same time a pipe size must be 
selected which can be regularly obtained from the pipe-manu- 
facturer\s stock. When too large a pipe is selected, the incidental 
valves and fittings are also larger than needcnl, adding both to 
first cost and to the general expense of maintenance. In large 
installations, epecially those of an intricate nature, the difference 
in cost caused by the selection of but a single size larger pipe than 
needed may web represcnit a staggering sum. 

Although this subject in its entirety is necessarily of a complex 
nature, there are many u.seful relations and short cuts that can 
be put to good practical use. In commercial practice the designer 
usually does.not have time to derive his own formulas, nor can he 
usually spare time to make tests or trace back through extensive 
mathematical transpositions for proofs. Instead he must select 
a standard formula, apply it to the work at hand and check the 
results against those of some other well-known formula. Or, if 
tables are available, he will use such of them as will apply to the 
problem in question (see Fig. 27). 

Determination of Steam-pipe Sizes. — The velocity chart 
(Fig. 27) is a great timesavcr in calculating velocities, discharge 
and" size of pipe required for given conditions of flow. 

Example . — Allowing a velocity of 5,000 ft. per minute, what size of pipe 
is necessary to deliver 8,000 lb. of steam per hour at 120 lb. gage? 

Solution . — Trace the 5,000-ft. velocity line to 120 lb. gage on the chart. 
From the intersection, follow horizontally to 8,000 lb. of steam per hour. 
Read the nearest size of pipe, in>., 4 in. 




Fio. 27. — Steum velocity chart, {After J. M, Spitzglass, Republic Flow Meters 
Company^ Chicago.) 
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For a smaller range of capacities and steam pressures Table 9 
enables one to make a ready selection of pipe sizes. 

The probable drop or loss of pressure is dependent upon the 
velocity of flow, length of line, number of turns in fittings or 
valves, and the covering of the pipes. 


Table 9. — Steam Supply Pipe Sizes^ 


Capacity, 
pounds of steam 
per hour 

Gage pressure, pounds per square inch 

0 

1 

2 

5 

50 

100 

150 

200 

100 

2H 

2 

2 

1‘2 

1 

1 

1 

1 

150 

3 

2H 

2 '-2 

2 

134 

1 

1 

1 

200 

3 

3 

2H 

2 


134 

1 

1 

300 

3H 

3 

3 

2H 

1'2 

134 

134 

IH 

400 

4 

3''2 

3 

3 

2 

134 


i>4 

500 

5 

4 

3 H 

3 

2 

114 

VA 

i>4 

750 

5 

5 

4 

3V<i 

2*2 

2 

2 

134 

1,000 

6 

5 

5 

zh 

2.4 

2 

2 

2 

1,250 

6 

6 

5 

4 

3 

234 

2 

2 

1,500 

8 

6 

5 

5 

3 

2>4 

2H 

2 

2,000 

8 

8 

6 

5 

3 

3 

24 

24 

3-, 000 

10 

8 

8 

6 

4 

3 

3 

3 

4,000 

10 

10 

8 

6 

4 

34 

34 

3 

5,000 

12 

10 

8 

8 

5 

4 

34 

34 

6,000 

12 

10 

10 

8 

5 

4 

4 

34 

8,000 


12 

10 

8 

6 

5 

4 

4 

10,000 


12 

10 

10 

8 

5 

5 

4 

15,000 



12 

10 

8 

6 

5 

5 

20,000 




12 

8 

8 

6 

6 

30,000 





12 

8 

8 

6 

50,000 





12 

8 

8 

8 


Recommended PREftsuRE Drops per 100 Feet on Which the 
Above Table Is Based 




1 1 

2 

5 


100 

150 

200 

Pressure drop in pounds per 









100 ft 



0.125 



1.00 

1.25 

1.50 


Note: The pipe size9 in the above table arc sufficient to take care of 
heating'Up load. 

1 Carrier Corporation. 
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In every steam line there must be a difference in pressure 
between the inlet and outlet or there could be no flow, and this 
difference is increased by friction and radiation. In power- 
plant work a steam velocity of 4,000 to 6,000 ft. per minute 
may be employed in properly covered pipe 6 in. in diameter or 
larger. 

Saturated Steam. — Steam in the presence of the water from 
which it is generated is called saturated steam; it has the same 
temperature as the water, and can have only one pressure and 
one density at any given temperature, for the three have a 
fixed relation to each other. The properties of saturated steam 
will be found in most general handbooks. (See Table VIII, 
Appendix A, and Perry’s '^Chemical Engineers’ Handbook,” 
pp. 2437-2441.) 

Superheated Steam. — Superheated steam has a higher temper- 
ature than saturated steam at the same pressure, and it is pro- 
duced by adding heat to saturated steam in a separate vessel 
called a superheater. It is independent of pressure, since at any 
pressure the steam may have any desired temperature above its 
saturation temperature. In practice the superheater is an exten- 
sion of the steam space of the boiler, vdth which it is in open 
communication, and the pressure of the steam in the superheater 
is practically the boiler pressure. 

The advantage to be gained by superheating does not lie in 
increased thermodynamic efficiency. Rather, the economy 
that results from its application comes from the reduction of 
internal thermal waste in the engine, incident to cylinder con- 
densation. The superheated steam must be reduced to the 
temperature of saturated steam at the given pressure before 
condensation can take place. The saving resulting from the 
use of superheated steam is found to be greater with engines that 
are inefficient with saturated steam; small engines profit more by 
it than large engines, slow engines more than fast, and single 
engines more than multiple-expansion engines. The thermo- 
dynamic properties of superheated steam are shown in Fig. 28, 
which will be found useful in graphically determining the satura- 
tion temperature and enthalpy corresponding to any gage pres- 
sure 100 and 1,600 lb. per square inch. The properties of 
superheated steam are given in handbooks. (See Perry’s 
‘‘Chemical Engineers’ Handbook,” pp. 2441-2443.) 



Enthalpy, B.tu. per lb. 
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PIPING INSULATION 

The real object of insulation is to prevent the flow of heat to 
the outside surrounding air from a boiler, apparatus or pipe in 
which it may be generated, stored or conveyed, or to prevent the 
flow of heat from the outside to fluids or solids that should be 
kept cool or at low temperatures. The flow of heat from the 
fluid in a bare or insulated pipe to the outside surrounding air is 
measured by the number of heat units that flow through the walls 
of the pipe or insulation, or both, and is usually expressed as the 
number of B.t.u. that flow through an area of 1 sq. ft. in 1 hr. 
(B.t.u. per scpiare foot per hour). The rate of flow through a 
certain thickness and at a certain difference in temperature 
determines the conductivity of the material through which the 
heat flows. A smaller number of heat units flows through a 


Table 10. — 85 Per ('ent Magnesia Insulation’ 




Thickness of insulation, inches 

Steam jircssiire 
or condition 

Tempera- 

ture, 

Pipes, 
larger 
than 4 in. 

Pipes, 

2 to 4 in. 

Pipes, 
smaller 
than 2 in. 

Hot water 


Std. 

Std. 

Std. 

0-25 lb i 

212-266 

Std. 

Std. 

Std. 

25-100 lb 1 

267-337 

IK 

Std. 

Std. 

100-200 lb * 

338-387 

2 

IK 

Std. 

Ix)W superheat 

388-199 

Dbl. std. 

2 

IK 

Superheat 

500-600 

3 

Dbl. std. 

IK 

High superheat. 

600-700 

2 

IK' 

IK 

Very high superheat 

700-800 

2 

2 

1 

2 

Asbesto-spongb Felted Insulation^ 


Hot water 


1 

1 

1 

0-25 lb 

212-266 

1 

1 

1 

25-10011) 

267-337 

IK' 

1 

1 

100-200 lb 

338-387 

2 

IK 

1 

low superheat 

388-499 

2K 

2 


Huperheat 

600-600 

3 

2K 

2 

High superheat 

600-700 

3K 

3 

2 

Very high superheat 

700-800 

3K 

3 

2 


' Johns-Manville, Neyir York, 





Fia. 29. — Insulation temperature limits, {pouriety of Johns- ManvtUe, New 

Yorlc.) 


The efficiency of an insulating material is expressed by a 
percentage which is the per cent saving that would be effected 
^ Thermal Insulation Symposium, Ind. Eng, Chem.y 81 , 819-*838 (1939). 
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by insulating a pipe with that material, over what would be lost if 
the pipe were left bare or uninsulated. The efficiency percentage 
is obtained by subtracting the heat loss of the insulated pipe 
from the heat loss of the uninsulated or bare pipe and dividing 
the difference by the heat loss from the bare pipe. 

The following kinds of insulation are available in forms suitable 
for insulating pipes conveying heated fluids: Asbesto-sponge 
felted, super Fire-felt, Asbestocel, 85 per cent magnesia, wool felt, 
hair felt, insulating tape and special compositions. Insulating 
materials especially suited for use in cold work are also available. 
The insulation that should be selected for a particular applica- 
tion depends on the requirements of the individual job. In 
general, all pipes, fittings and flanges at temperatures below 
600°F., except small fittings that are insulated with a special 
cement, should be insulated with Asbesto-sponge felted or 85 per 
cent magnesia, to the thicknesses given in Table 10. Asbesto- 
sponge felted insulation may be used, where service conditions 
warrant, up to 800°F. Proper materials for insulating pipes over 
the entire range of industrial temperatures are shown in Fig. 29. 

Application of Pipe Insulation. — Sectional insulation is applied 
to a pipe with joints tightly butted and pointed up. Each sec- 
tion of insulation is wired td the pipe with not less than three 
loops of 16-gage annealed iron wire on pipe up to and including 
6 in., and with not less than four loops for larger pipe sizes. All 
Asbesto-sponge felted insulation 2 in. and greater in thickness, 
85 per cent magnesia of 3 in. and double standard in thickness, 
and combination insulation, should be applied in two layers with 
both circumferential and horizontal joints staggered, and with 
each layer securely wired in place as previously described. The 
insulation on bends should be given a thin finishing coat of 
cement to present a smooth, even surface. Insulation of flanges 
and fittings over 4 in. in diameter should be the same as the 
insulation on the line, surfaced with hi. of cement applied in 
two layers, the first coat being left to dry with a rough surface 
before the application of the smooth finishing coat. Canvas is 
stretched tightly over the cement and pasted neatly. On lines 
under 4 in., the fittings and flanges are insulated entirely with 
cement to the same thickness as the adjacent insulation. Out- 
doors, the flanges and fittings are waterproofed with Insulkotc 
or a similar preparation, applied in place of the second coat of 
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cement, the canvas being omitted. All insulation on piping 
indoors should be finished with an extra jacket of 8-oz. canvas, 
sewed on over rosin-sized paper or asbestos paper and, if desired, 
sized with glue and painted with two coats of lead and oil paint. 
All insulation on piping outdoors, or exposed to the weather, 
should be protected with a waterproof jacket, the canvas being 
omitted. Pipe insulation located close to the ground or where 
there is possibility of mechanical injury should be protected with 
a metal jacket. 

Weatherproof and Fire-resisting Pipe -insulation Jackets. — 

For outdoor lines, particularly those of some length, the most 
satisfactory insulation is Asbcsto-sponge felted with an integral, 
waterproof jacket. Asbesto-sponge felted not only has high 
insulation value but also, owing to its construction, is not damaged 
by fall or blow and maintains its efficiency on hot lines over a long 
period of time. The integral jacket provides complete weather 
protection and obviates the labor of a separate application. 
Whore insulation other than Asbesto-sponge felted with integral 
waterproof jacket is used, the best weather protection for insu- 
lated pipe lines out of doers consists of a waterproof asbestos 
jacket with all joints lapped at least 3 in. and all horizontal laps 
located on the side of the pipe, turned down to shed rain. Rings 
of heavy copperweld wire are applied on 4-in. centers to hold the 
jacket^n place over the insulation. Where the insulation may 
be subjected to rough usage, a suitable metal jacket may be 
substituted for the weatherproof jacket. Where exposed to 
fire hazard only, it is good practice to apply an asbestos fire- 
retarding jacket. In such cases the application of asphalt- 
saturated roofing jackets is inadvisable, since flame may be 
carried along exposed piping when a fire occurs adjacent to lines 
so protected. The fire-retarding jacket consists of one sheet of 
asphalt- saturated asbestos felt over which is cemented an unsatu- 
rated felt. It will not drip asphalt, carry flame or support 
combustion. 
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PUMPS AND PUMPING 

Pumps arc used in chemical plants for a great number of 
purposes in transferring liiiuids, colloidal solutions or solids sus- 
pended in gases or liquids from one point to another. Pump 
transportation covers both long and short distances, horizontal 
and vertical, under pressure heads ranging from subatmospheric 
to very high i)ressures. Pumps are also used to produce both 
high and low pressures in equipment to aid physical or chemical 
processing reactions. Several excellent treatises on liquid 
handling and its data have been published by manufacturers 
of liquid- and gas-handling equipment. They contain not only 
descriptions of the equipment, its principles and its operation but 
also the necessary detailed information on capacities, dimensions 
and other pertinent data. This branch of equipment production 
is highly developed, and excellent sources of information are 
available.^ 

Classification.— A classification- of the types of pump at 
present on the American equipment market is given below: 

A. Air motivation. 

1. Jet pumps. 

a. Steam jets. 

h. Jet exhausters. 

c. Jet compressors. 

d. Siphons. 

2. Air lifts. 

3. Acid eggs, montejus, blow cases. 

4. Barometric legs. 


1 Perry, John H., ‘‘Chemical Engineers’ Handbook,” 2d ed., sec. 20, 
McGraw-Hill Book Company, Inc., New York, 1941; Marks, L. S., 
“Mechanical Engineers’ Handbook,” 4th ed.,^p. 1883-1907; McGraw-Hill 
Book Company, Inc., New York, 1941. 

* CuNO, C. W., fnd. Eng. Chem., 24 . 1109 (1932). 
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B. Reciprocating pumps or positive-displacement pumps with valve 
action. 

1. Piston pumps. 

2. Plunger pumps. 

3. Diaphragm pumps. 

C. Rotary pumps, rotary movement, no valves. 

1. Centrifugal pumps, open or closed impeller, volute or turbine. 

2. Gear pumps. 

3. Screw pumps. 

4. Sliding-vane pumps. 

5. Cycloidal pumps. 

6. Blowers. 

7. Fans. 


A. AIR MOTIVATION 

Jet Pumps. — The jet pump is designed to employ a jet of 
water, steam or a gas as the operating medium, which flows rapidly 
through an expanding nozzle and discharges into the throat of a 
venturi. Here it gains velocity head at the expense of pressure 
head producing a powerful suction and entraining gas, air or 
vapors that are drawn in around the jet from the vessel to be 
exhausted. As the moving fluid and entrained vapors expand 
through the venturi outlet, they are again compressed sufficiently 
to effect a discharge from the system. 

Steam -jet Exhausters and Compressors. — Steam-jet exhaust- 
ers, ^^evactors” and compressors are built to operate at moderately 
high vacuum and pressure. Live steam issues from the nozzle at 
high velocity (about 2,800 ft. per second). These exhausters are 
made in both the single-stage single-nozzle and multiple-nozzle 
types. In the latter type the steam issues from several jets 
into the throat of the venturi. The multinozzle arrangement 
gives maximum jet surface for entrainment of air and vapors 
and produces maximum compression so that the air and vapors 
may be discharged at atmospheric pressure or slightly above, 
even when the exhauster is maintaining high vacuum at the 
suction end. Such exhausters are used primarily for compressing 
air or gases, pumping air, evacuating closed vessels such as 
evaporators, crystallizers and jet refrigerating systems, and 
for priming pumps or siphon systems. When two or more jet 
exhausters are used in series, multiple-stage operation is attained. 

Water-jet Exhausters and Compressors. — There are many 
instances in which neither steam nor compressed air is available 



PUMPS AND PUMPING 


69 


for vacuum-pump work, and there are many processes where the 
presence of steam, due to its heating action, would be objection- 
able. For such places the water-jet exhauster can be recom- 
mended. The nozzle is fitted with a spiral which gives the water 
a rotating motion. The capacities can be varied through wide 
limits by increasing or decreasing the water pressure. At 40 lb. 
pressure the water capacities vary from 5 to 700 gal. per minute. 

Steam -jet Siphon Ejectors. — Steam-jet siphons are liquid 
pumps designed on the jet principle, using live steam instead 
of air as the operating medium. They are recommended for 
pumping water or other licjuids in all instances where dilution 
with water is not objectionable, where durability, low cost and 
simplicity of manipulation are of primary importance, or where 
an increase in the temperature of the liquid is desired. Since 
the condensation of the steam used as the operating medium 
increases the temperature of the water or other liquid that is 
being handled, the heating of the liquid may be considered a 
costless operation. Or, if heating the liquid is the more impor- 
tant of the two operations, the pumping may be considered 
costless. 

Steam-jet siphons are frequently used for emptying carboys, 
tank cars and other containers, and for transportation or transfer 
of chemicals from one tank to another. They are used for 
pumping out sumps or pits filled by leaks or drainage, for 
agitating liquids and for removing mother liquor from crystals 
and waste liquors from sediment. They are equally useful for 
moving sewage, mine waters, water containing solids, etc. For 
such installations, the siphon must be made of a material that 
will withstand the chemical action of the liquid handled. 

Sizes and capacities of siphons are listed by manufacturers 
according to lift and elevation, size of connections, and pressure 
of steam used. The quantity of liquid moved also depends 
upon the temperature of the liquid. Under average conditions, 
the liquid can be elevated 50 ft. Where it is necessary to over- 
come elevations of more than 100 ft. and at the same time main- 
tain suction, specially designed siphons are required or two 
pumps may be used in series. Montgomery gives a table in 
Perry ‘‘Chemical Engineers^ Handbook,’^ p. 2263, on a steam- 
operated siphon, showing the limits of suction and capacities 
tliat are possible with various steam pressures and for various 
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sizes . of the steam-, suction- and delivery-pipe connections. 
Standard siphons with moderate suction will handle liquids at 
fairly high temperatures. If the siphon is submerged, or the 
liquid flows to it by gravity, water temperatures as high as 
140°F. can be handled. Usually an ejector or siphon will 
elevate twice as high as it will lift; also, liquids may be elevated 
approximately 1 ft. for each pound of steam pressure. 

Air Lifts. — The air-lift pumping system is a method of lifting 
water or other fluids by means of compressed air without the use 
of valves, cylinders, plungers or other mechanisms. A discharge 
or eduction pipe extends from a distance l>elow the level of the 
w'ater to a point of discharge, and an air pipe opening at the 
lower end of the discharge pipe forces a mixture of air and licpiid 
up through the discharge pipe. Air lifts are used in dredging, 
in lifting acids, alkalies, corrosive liquids and liquids of high 
specific gravity, and in agitating chemicals. They are employed 
in connection with irrigating systems, in municipal water works, 
sewerage works, refrigerating plants, cold-storage plants, packing- 
houses, dye and textile works, etc. 

Capacities of air lifts for various sizes of air inlet, casing and 
central air pipe are compiled in Perry's Chemical Engineers' 
Handbook," p. 2262. 

Acid Eggs. — The acid egg, common in sulfuric acid plants, 
consists of a closed vessel with inlet and discharge lines and an 
air connection. In the manually operated type, air is admitted 
through the hand regulation of the valve to force the liquid 
out through the discharge pipe. In the automatic type the 
flow of air is controlled by a float valve within the vessel. Both 
types contain check valves in both inlet and discharge pipes, 
and both are intermittent in operation. The elevation attained 
depends upon the air pressure. Acid eggs, also called blow cases 
and montejus^ are inexpensive, easy to operate, and give little 
mechanical trouble; however, their efficiencies are low. 

The Barometric Leg. — The barometric leg pump is seldom 
operated by itself but requires the use of an auxiliary pump to 
remove fixed gases that accumulate from the liberation of the 
dissolved gases in the solution. The leg is longer than the 
Torricellian leg, i.e., over 34 ft., and empties into an open well. 
Its principal application is in removing the condensing water 
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and condensate from jet condensers employed to produce a 
vacuum in evaporators, vacuum pans, vacuum crystallizers and 
steam-jet refrigeration equipment. 

B. RECIPROCATING PUMPS 

The reciprocating pump is the oldest and best known form of 
pump. The delivery of li(piid is effected by the displacement of 
a piston or plunger. The flow of liquid is intermittent, owing to 
reversal in the movement of the piston. All reciprocating pumps 
use valves that must be properly selected for the different 
services. Owing to incompressibility of fluids, the speed of 
reciprocating pumps is very limited. 

As a general rule, reciprocating pumps are now used for com- 
paratively small capacities against high heads. Ordinarily they 
will operate on higher suction lifts and will handle fluids of higher 
viscous consistency than centrifugal pumps. Since they will keep 
their prime, they are particularly suitable for installations that 
require automatic control. 

Classification of Piston and Plunger Pumps, — With recipro- 
cating pumps the capacity depends on the displacement of the 
plunger and the speed with which it is operated. By increasing 
the speed, the capacity may be changeel without affecting the 
head except for an increased friction in the pipes on account of the 
increased velocity of the liquid. The general classification of 
these pumps can be summarized as follows: 

A. Piston. 

1. Location of valves. 

a. Submerged. 

h. Straightway. 

2. Service demands. 

а. Trade. 

б. Pressure. 

3. Type of valves. 

а. Pot valves. 

б. Deck valves. 

c. Mechanically operated valves. 

d. Ball valves. 

e. Flap valves. 

4. Action of water cylinder. 

а. Single acting. 

б. Double acting. 
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5. Number of water cylinders on a single drive mechanism. 

a. Simplex. 

h. Duplex. 

c. Triplex. 

6. Motive power. 

a. Steam pump. 

b. Power pumps. 

i. Direct acting. 

ii. Crank and flywheel. 

a. Belt. 

b. Electric motor. 

c. Water wheel. 

B. Plunger. 

(1) to (6) above. 

7. Inside packed. 

8. Outside packed. 

a. Center packed. 

b. End packed. 

Trade and Pressure Pumps. — Pumping water and other 
liquids under heavy pressure presents a problem differing in 
many respects from that involved in ordinary work where the 
pressures are comparatively light. Heavy pumping work 
demands not only greater strength in the parts of the machinery 
employed but also radical changes in general design. The best 
modem practice places the deciding line between the trade pump 
and the pressure pump at about 200 lb. per square inch working 
pressure. In boiler-feed work the point of departure from the 
common trade pump is often lower, many engineers preferring a 
pot- valve prewssure pump for boiler plants carrying 150 lb. pres- 
sure and above. The principal modifications in design which 
distinguish the so-called pressure pump” consist in the sub- 
division of the water end castings, the elimination of screwed 
valve seats and in the type of water valve and method of guiding 
it. Also, nearly all patterns of pressure pumps have outside 
end-packed water plungers, thus keeping the piston rods out of 
the water cylinders. 

The variety of reciprocating pumps is indicated by the specific 
applications for which pumps are used. Among the variety of 
pumps available can be included deep-well, boiler-feed, condensa- 
tion, dry-vacuum, wet-vacuum, compound, filter-press, hydraulic- 
press, creamery, milk, oil, fuel-oil, lime and magma pumps. 
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Some data on the capacity of simplex, duplex and triplex 
pumps are found in Perry’s ‘^Chemical Engineers’ Handbook,” 


A E B C D 



Fig. 30. — Capacity of reciprocating pump. {Courtesy of Economy Pumps Inc.) 

This nomograph shows the capacity of a reciprocating pump operating without 
slip where the size and number of strokes is known. 

Example: A pump of 10-in. bore, 10-in. stroke running 100 strokes per minute: 
Locating 100 on line A and 10-in. on line D, we draw a line between them; then, 
locating the intersection of this lino with line E and locating 10 in. on line C, we 
draw a connecting line. Where this line crosses B we have the delivery, or 
290 gal. per minute, of the reciprocating pump. 


pp. 2256-2258. Figure 30 shows the capacity of reciprocating 
pumps operating without slip. 
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Diaphragm Pumps. — The diaphragm pump is the only pump 
that is immune from clogging and abrasive wear in handling 
pulps, sludges and other nonhomogeneous materials. The 
suction type is an open pump and is not designed to work against 
pressure heads. Diaphragm pumps have also been developed 
to fill the recognized need in the chemical, metallurgical and 
sanitary fields for a pump that has all the wearing and operating 
advantages of the open-suction type, with the additional property 
of forcing pulps and sludges to high elevations, or through 
horizontal pipes at long distances. Capacities of diaphragm 
pumps can be varied b}" changing the speed, length and diameter 
of the piston diaphragm and cylinder. Capacities are given 
in Perry^s “Chemical Engineers^ Handbook, p. 2265. 

C. ROTARY PUMPS 

Centrifugal Pumps. ^ — The development of the modern cen- 
trifugal pump has been made possible by the high speeds of 
electric motors and steam turbines. The flow produced by a 
centrifugal pump is free from pulsations, and its advantages are 
numerous. Such pumps are compact, rugged, dependable and 
simple to operate. They maj^ be manually operated, or employ 
combined manual and automatic operation. Auxiliary stand-by 
gas-engine drives may be used with either turbine or motor drive, 
assuring constant service. Centrifugal pumps will deliver a 
steady flow of water, free from water hammer which sets up 
injurious vibrations in sprinkler and other lines. They will 
operate against a closed discharge without building up dangerous 
pressures and will deliver an increased capacity at reduced heads. 
The centrifugal pump has no valves to stick or dry up, no 
reciprocating parts that must constantly be kept in motion to 
prevent corrosion, and no close metal-to-metal fits. Centrifugal 
pumps are more dependable and cost less to install than recipro- 
cating types. 

The centrifugal pump must be primed each time when started. 
It will not develop so high a suction lift as the reciprocating 
pump and it shows a decreased capacity when handling viscous 
liquids. 

There is a practical limit in head beyond which it is not eco- 
nomical to use a single-stage centrifugal pump. For the highest 

* Marks, L. S., ** Mechanical Engineers^ Handbook,” 4th cd., pp. 1S98- 
1907, McGraw-Hill Book Company, Inc., New York, 1941. 
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heads, either a very high rotative speed or a large diameter of 
impeller must be used. Both of these lead to high mechanical 
stresses and to lowered efficiency, owing primarily to disk friction 
and leakage losses. Disk friction increases very rapidly with 
increased speed or impeller diameter, the horsepower thus lost 
varying approximately with the cube of the speed and the fifth 
power of the diameter. Thus, a higher speed and smaller 
diameter would give less disk friction for the same head. How- 
ever, leakage loss, resulting from licjuid passing back from the 
case to the suction through clearance spaces, increases with the 
smaller diameter and shorter leakage path. At high heads, with 
the greater pressure difference between case and suction, the 
leakage loss is an important item. As a result of these effects, the 
efficiency of a high-head pump is likely to be comparatively low. 

Although a single-stage pump has delivered at a head of 
1,000 ft., practical designs limit the head to not over 300 ft. per 
impeller. P^'or the higher heads, two or more impellers are con- 
nected in series, the discharge from one impeller being the suction 
of the next. The total head is the head of each impeller multi- 
plied by the number of impellers. For the sake of economy such 
an arrangement is l^uilt in one case and is known as a imdtistage 
pump, each imi)eller constituting a stage. Ordinarily not more 
than six stages can be built in one pump casing on account of the 
length of shaft. Room for a large shaft is difficult to get because 
of the space required to lead the li(|uid into the eye of the impeller, 
and a long shaft must be rigid in order to prevent undue vibra- 
tion. Where more than six stages are required, the usual practice 
is to split the requirements into two pumps placed on both ends 
of the motor shaft, and back to back to neutralize end thrust by 
having one pump oppose the thrust of the other. 

As the capacity of a centrifugal pump varies with the speed, 
and the head varies with the sejuare of the speed, it is important 
that the pump be operated at the proper rate. No installation 
should be made without checking speed, capacity, horsepower, 
etc., with the tables given for the pump by its manufacturer. 
(See Perry's ‘^Chemical Engineers' Handbook," pp. 2245-2251.) 
Montgomery states that: 

The only method for selecting centrifugal pumps that assures procure- 
ment of a suitable unit is to assemble complete data as to conditions 
under which the pump must operate, and then purchase, upon guarantee, 
after consultation with several manufacturers of this type of equipment. 
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The usual type of Information Requested sheet sent out by manu- 
facturers of centrifugal pumps is similar to the one reproduced in 
Table 11. Table 12 gives typical capacity data for centrifugal 
water pumps. 

The various practical methods used to prime centrifugal 
pumps may be divided into five classes, and each has its field or 

Table 11. — Downie Centrifugal Pumps 

Information Required for Estimates 

Due to the conditions under which centrifugal pumping machinery is 
required to operate, varying considerably, the intending purchaser should 
give the information requested below in order that accurate rccommenda-^ 
tions and quotations may be made promptly by mail. 

PUMP 

1. Number of pumps required 

2. Capacity of each pump gal. per minute. 

3. Character of liquid salt, brine, fresh, clear or gritty. 

4. Specific gravity 

5. If liquid is warm, give temperature 

6. If liquid contains solid matter, give character and approximate size 

larger pieces 

7. Service, continuous or intermittent 

8. Total head in ft. or lb. pressure, including vertical suction and discharge 
lift (or equivalent) and frictional losses through pipes, bends and valves 


9. Suction lift (if any) ft. or pressure at pump inlet 

(if any) ft. 


10. Length and diameter discharge pipe 

11. Number of bends in discharge pipe, and state whether 90, 45, or 22}^ 

deg 

12. Length and diameter suction pipe 

13. Number of bends in suction pipe, and state whether 90, 45 or 22 deg. 


DRIVING POWER 

14. Belted — State speed motor or engine diameter of 

pulley 

15. Direct connection electric motor — give characteristics of available 

current. Direct current, voltage Alternating current, 

voltage cycles phase 

16. Direct connection steam engine — steam pressure con- 
densing (back pressure) non-condensing 

17. Direct connection combustion engine — gas gasoline 

kerosene crude oil 

18. Driving power — whether to include in quotation or will be furnished 

hy purchaser 

To insure satisfactory operation of a centrifugal pumping unit it is very 
important to predetermine, as closely as possible, the total head against 
which the pump is to operate. Therefore, a careful check should be made 
by the intending purchaser of the vertical distance the pump will be rcouired 
to operate, and ippve careful consideration to the possible frictional losses 
through the suction and discharge piping. If the intending purchaser is 
unable to determine this -definitely, it is then a good plan to submit a rough 
sketch of the pipe lines indicating the diameters, length, number of benas, 
and character of same, which will enable us to make an accurate estimate. 
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range of usefulness. Each method is also limited, in varying 
degree, by local pumping conditions and cost considerations. 

1. Placing the pump below the source of supply, so that the 
water flows to the pump by gravity, is one of the most direct 
ways of ensuring that the pump will always be primed. This 
arrangement, however, may be unnecessarily expensive. It 
may cost too much to dig a pit for the pump, erect a wall to dam 
back the water, or make other provisions for getting the pump 
placed below the water level in the supply tank or basin. Then 
too, it is often necessary to guard against air accumulating in the 
pump casing even when the water flows to the pump. 

2. A check valve, or foot valve, may be placed at the end of the 
intake pipe, the arrangement being such that the valve traps the 
water in the pump when the unit is shut down, thus keeping 
the pump primed. The foot valve may leak, causing the pump to 
lose its prime, especially if there is any considerable amount of 


Table 12. — Centrifugal Water-pump Capacities 
Single-stage, double-suction Single-stage, single-suction 

Ball-bearing, direct-connected Plain bearing, belt-driven 

Maximum gallons per minute Maximum gallons per minute 


Motor 

horse- 

power 


20 

60 

100 

200 

1 

160 




2 

260 

100 



3 

460 

176 

60 


5 

800 

276 

126 

50 


1,100 

460 

225 

76 

10 

1,260 

700 

300 

125 

16 

1,600 

900 

450 

200 

20 

1,760 

1,260 

600 

276 

26 


1,760 

800 

350 

30 




1,000 

460 

40 


2,000 

1,260 

600 

60 



1,760 

800 

60 



2,000 

900 

76 



1,260 

100 

1 


1 

1,600 


Capacities are for 60-cycle motor 
speeds. 




Head 

feet 


10 

20 

60 

80 

0.5 

30 




1.0 

100 

46 



1.6 

126 

116 

10 


2 

220 

160 

25 


3 

330 

175 

30 


6 

760 

400 

160 


7H 

1,200 

640 

240 


10 


1,000 

320 

200 

15 


1,500 

450 

300 

20 


1,700 

800 

360 


Note. — Irregularities which may 
be detected in these tables are 
common to all manufacturers, but 
in different items. 
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solid matter in the water. There is also danger of the foot valve 
causing water hammer in the discharge pipe and pump casing^ 
often resulting in a broken pump. In general, this system is 
limited to pumps handling clear water and operating under a 
low hea^ with a short discharge pipe. 

3. An ejector provides one of the simplest and least expensive 
means of priming a suction-lift centrifugal pump. Its use is 
recommended wherever steam, air or water under pressure is 
available for actuating the device. 

4. Small pumps can often be primed with an inexpensive, 
hand-operated vacuum pump, thus doing away with the necessity 
of a foot valve and at the same time keeping down the cost 
of priming equipment. The use of a vacuum pump is generally 
the most satisfactory priming method for large centrifugal 
pumps. When a dry vacuum pump and vacuum breaker are 
used, the action is positive and simple, and there is almost no 
danger of the operato^^s starting the pumping unit before it is 
fully primed. 

5. An elevated tank serves as an inexpensive priming device, 
the principal drawback being the need to keep the tank always 
full. The elevated-tank principle has been incorporated in a 
self-priming pump, using a two-tank set constructed into the 
centrifugal-pump casing. One tank connects with the suction 
and the other with the discharge line of the pump. 

Gear Pumps. — One of the most common types of positive 
rotary pump employs two meshing gears within a close-fitting 
case. Liquid is trapped by the gear teeth and carried from intake 
to discharge. The meshing of the gears seals the pump against 
backflow. For pumps with capacities from 4 to 850 gal. per 
minute, at 60 lb. per square inch head, a cost range between 
$95 and $800 prevails, not including the motor. 

Screw Pumps. — The screw pump is a special type of gear 
pump, employing two meshing screws in a figure-of-eight casing. 
Such pumps are built to handle any liquid or semiliqiiid that 
will flow through a suction pipe, such as molasses, brine, water, 
heavy and light grease, oils and acid sludges. They are built in 
capacities ranging from 2, to 4,200 gal. per minute, against 
pressures up to 1,000 lb., or more, per square inch. Such pumps 
have been used for extruding cellulose nitrate solutions at pres- 
sures as high as 2,500 lb. 
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Sliding-vane Pumps. — A special design of sliding-vane pump 
embodies an eccentric casing. Either the rotor and shaft are 
eccentric to the casing, or the casing is elliptical in shape. In 
the sliding-vane or ring types, the rotor carries the slides in and 
out because they rest on a stationary ring. 

Because of their simplicity of design and ruggedness, most 
rotary gear and vane pumps are particularly adapted to the 
pumping of liquids more viscous than water, such as molasses, 
tar, soap and oil. Such thick, slow-flowing liquids cannot always 
be handled satisfactorily by either piston or centrifugal pumps. 
Such rotary pumps usually depend for their lubrication on the 
material being pumped, and, if long life is desired, should not be 
used for liquids that do not have some lubricating qualities. 
They are built with close clearances and consequently should not 
be used for handling liquids containing grit or solids. (See 
Perry\s ‘^Chemical Engineers^ Handbook,^’ p. 2259.) 

Cycloidal Pumps. — Cycloidal pumps consist of two close- 
fitting figure-of-eight impellers revolving in opposite directions 
on their parallel shafts in an elliptical casing, the liquid or gas 
being drawn into the pockets between the impellers and the 
casing, and delivered positively to the opening of the discharge. 
Like any gear or rotary pump, they can be used for liquids or 
gases, as either blowers, compressors or pumps, according to 
design. 

The Nash H3rtor is a type of double-elliptical pump for air and 
gases, the circular, vaned rotor revolving in an elliptical casing, 
forcing water or some other liquid to follow the outline of the 
casing and thus act as the piston, seal and valving mechanism. 
It ranges in capacity (expressed in cubic feet of free air per 
minute, referred to a 30-in. barometer and 50 per cent relative 
humidity, with GO'^F. sealing water) between 6 and 4,400 cu. ft., 
over a pressure range of from 5 to 45 lb.; this is with motor 
speeds between 212 and 3,500 r.p.m. and horsepower require- 
ments between 2 and 400. As a vacuum pump, expressed in 
cubic feet of free air per minute at specified vacuum, the pump 
delivers from 21 to 4,950 cu. ft. at vacuums between 5 and 27 in.; 
here the horsepower requirements are between 2 and 200. 

Fans, Blowers, Exhausters, Compressors. — For the propulsion 
of air and gases types of pumps are used involving movements of 
volumes by not too close contact or seals. The fan is used for 



80 


CHEMICAL ENGINEERING PLANT DESIGN 


moving large volumes of gases, depending upon the attainment 
of high velocity to produce the desired increased pressure, the 
rotating member not in airtight contact with the stationary part. 
The fan is of propellor style or of the multibladed squirrel-cage 
type. When used in multistage form these fans can deliver air 
at moderately high pressures. 

PUMPING DESIGN 

LfOcation of Pumps. — The location of a pump in a chemical 
plant is of prime importance. If possible, pumps should handle 
the liquids in their least reactive condition, viz.^ as water, pump- 
ing this to the levels where solutions can be made and the sub- 
sequent reaction equipment fed by gravity. There exist but 
few cases where only water need be handled; in most, the process 
will demand a certain amount of handling of corrosive solutions 
and solutions whose purity should be maintained. The choice of 
materials of construction then must be considered. When solu- 
tions are likely to contain abrasives, if it is possible to do so, 
pumps should be placed so as to avoid or materially reduce the 
handling of such solutions. 

" Materials of Construction. — The materials used in pump 
construction depend upon the service demanded. Although 
there do not exist all-purpose, corrosion-resisting materials, 
there are materials that, have great resistance to specific corrosive 
reagents, and the knowledge of the chemical reactivity between 
various chemicals and chemical solutions, and materials of con- 
struction, is necessary in proper pump selection. 

Glass, porcelain, enamel-lined and stoneware pumps have but 
limited application owing to the inability to withstand mechani- 
cal and severe thermal shock. The high wsilicon-iron alloys such 
as Duriron, Tantiron and Corrosiron are more applicable to severe 
mechanical shock than the materials mentioned above, but 
nonmachinability and the high cost of grinding these very hard 
and brittle materials restrict their application. Lead and lead 
alloys are applicable for pump materials but are limited to uses 
wherein lead does not enter into the reaction. Special hard lead, 
firmly adherent to a supporting outer shell of cast iron or other 
metal, has been adopted as practicable. Hard-rubber-lined, 
Pyrex and plastic pumps are also available and highly desirable 
for pumping hydrochloric acid. 
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Brasses and bronzes, iron-base alloys, nickel. Monel metal, 
magnesium alloys, hard rubber, plastics, tin, aluminum 
and like metals must be added to ordinary gray and white cast 
iron, as a few of the materials that can be used in pump construc- 
tion. Practically any alloy or modern metal can be fabricated 
into pumps, and it remains only for the chemical engineer to 
stipulate the kind of solution he wishes to handle, or the kind of 
metal, and the pump manufacturer will attempt to construct a 
pump for the service demanded. (See Perry^s “Chemical 
Engineers^ Handbook,^’ pp. 2099-2105, and Marks’ ^^Mechanical 
Engineers’ Handbook” p. 1884.) 

According to Marks’ Handbook (p. 1883, 4th ed.); 

The allowable stresses in pumps are lower than in most machinery 
owing to the shocks and water-hammer, and the tensile stresses in 
pounds per square inch may be taken as follows: Cast iron, 1,500 to 
1,800; malleable iron, 3,000; steel castings plain, 8,000; complicated, 
5,000; bronze (government metal), 3,000; Tobin bronze, 5,000; steel, 
7,000; and forged steel, 10,000. 

The materials to be used for pump parts vary with the chemi- 
cals handled (see Tables 40 and 41). 

Drives for Pumps. — Following is a classification of drives for 
pumps for general service: 

A. Direct drive. 

This form of drive is particularly suited to high-speed machinery and 
is, therefore, limited almost entirely to centrifugal and certain rotary 
pumps. 

1. Advantages. 

a. Compact; requires minimum amount of floor space. 

h. Simple; no intermediate mechanism necessary between 
pump and driver, 

c. Quiet; no gears or other noisy mechanical devices. 

d. Dependable; no intermediate mechanism to go wrong. 

e. Adaptable; location independent of line shaft or other 
source of power. 

/. Efficient ; no power loss between pump and driver. 

g. Low maintenance; no belts, gears or other mechanical 
devices demanding attention. 

h. Ix3w first cost; usually cheapest method of drive. 

2. Disadvantages. 

a. Not flexible; pump must operate at speed of driver. 

h. Limited range; difficult to obtain variation of capacity and 
head when dependent on speed. 
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B. Belt drive. 

Suitable for any type of pump and any source of power. Idlers 
permit short-coupled outfits and automatically take up belt stretch. 

1. Advantages. 

o. Flexible; practically any driver can be accommodated by 
proper ratio of pulley sizes. 

h. Less breakage; in case pump is overloaded or jammed, belt 
will run off, thus protecting pump and driver from damage. 

c. Wide performance range ; variations of capacity and head 
conditions easily met by changing pulley ratios. 

d. Adaptable; particularly suited to temporary installations; 
also for severe intermittent service. 

2. Disadvantages. 

a. Maintenance; under certain industrial conditions, or if 
exposed to the elements, belts wear, stretch, break and 
deteriorate rapidly. 

b. Bulky; sometimes occupies valuable floor space, especially 
if an idler is used; factory laws require bolt to be properly 
guarded. 

c. Less efficient; belt slippage and power losvses peculiar to this 
type of drive result in reduced efficiency and must be con- 
sidered in cost of operation. 

C. Gear drive. 

Commonly used to adapt low-speed pumps (reciprocating and rotary) 
to high-speed drive units. 

1. Advantages. 

a. Compact; compares favorably with direct-driven unit; 
requires less space than belt drive. 

b. Adaptable; location independent of line shaft or other 
source of power; greater speed reduction feasible than with 
belt drive. 

2. Disadvantages. 

a. Not flexible; a positive drive; a jammed pump means a 
burned-out motor, stalled engine or damaged pump. 

5. Maintenance; careful alignment and proper lubrication 
necessary to long service. 

c. Higher cost; gearing is expensive; must be made to suit 
individual requirements; must be guarded to protect 
operator. 

D. Chain drive. 

Used when belt or gear drive is not feasible or desirable. 

1. Advantages. 

a. Efficient; no slip or power loss as with belt. 

b. Adaptable; wide range of speed combinations; fairly quiet in 
operation; particularly suited to installations where gears 
of large diameter would otherwise be necessary. 

2. Disadvantages. 

a. Higher cost ; more expensive than belt or direct drive ; must 
be guarded to protect the operator. 
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WATER SUPPLIES 

Sources. — Water for industrial purposes can be obtained from 
one of two general sources, either the plant^s own source or 
a municipal supply. If the demands for water are large, it is 


Table 13 

INTERNATIONAL FILTER CO. 

Water Soptenino and Filtration Plants 

FOR MUNICIPAL, INDUSTRIAL AND DOMESTIC SUPPLIES 

Works and General Office 
333 West 25th Place 
CHICAGO 


NOTE: The information requested on this data sheet is important — it enables us to 
understand your operating conditions and make the proper recommendations as to 
the type ana size of water purification equipment needed to meet your requirements. 
This information will be held strictly confidential. 

As we build all types of water purification equipment our recommendations will be 
unprejudiced. Our reports, investigations and analyses are made without charge and 
place you under no obligation. 


From (Firm Name) 

Address 

To whom should report be sent_ 


Please answer these questions 

1. Source of water supply. 

City water worlw ? ; Private well? ; Do you obtain your private 

water supply from more than one well? ; Do you pump directly from a 

river? ; a lake? ; a pond? If the source of your 

water supply is not listed above explain it briefly 

2. General information. 

A. What is the maximum quantity of water used daily? gallons. 

B. What is the maximum quantity of w’ater used in any one hour? gallons. 

C. How many hours continuously do you use the maximum quantity? 

D. How many time.s daily is the maximum run used? 

E. How many hours daily does your plant operate? 

3. Uses for softened water. (Check the ones that fit your case.) 

Laundering □ Boiler Feed □ Processing Silks □ Woolens □ Cotton Goods □ 
Hotel □ Hospital □ Cooling Water for Gas-engine Jackets □ Describe briefly 

any use not listed above 

Please select from 4, 5, 6 or 7 the list that fits your case and answer all questions 

4. If city supply is used answer these questions : 

I A. What is the size of the street water main? inches. 

/ B. How many service taps connect service pipe to street water main? 

Waterworks! (Several small taps may have been made in street main and a corre- 

office or \ spending number of small pipes lead out to form one connection to your 


Waterworks 

1 service pipe.) 

Fntrin^r /^* What is the size of each service tap? inches. 

can give What is the size of each service tap? inches. 

JE. What is the distance from the street main to the point where service 

^ data / building? feet. 

* I F. What is the size of your city water meter? inches. 

I G. What is the city water pressure? Normal pounds. Maxi- 

\ mum pounds. 

H. Approximately how far is it from the point where service line enters the 

building to the point where the water softener will be erected? 

f00t> 

fi. If you pump your water from a shallow well, river, lake or pond, answer these questions : 
A. What type of pump do you use? Plunger or power? ; Centrifugal? 


B. If plunger or power pump give type ; 

stroke inches; single or double acting. 

name 

C. If centrifugal pump give number of stages 

maker’s name 

D. What is diameter of pump suction pipe? 

E. What is length of pump suction piper 

F. How many elbows in suction piper 


Centrifugal? 

inches; 

; maker’s 


size number.. 


inches. 

‘eet. 
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Tablb 13. — {Continued) 

G. What is vertical distance between pump and surface of water while pump is in 

oj^ration? feet. 

H. what is length of discharge pipe from pump to storage tank? feet: 

diameter of pipe? inches; number of elbows in discharge line? 


I. What is speed of pump? R. P. M. 

J. What is rated capacity of pump? gallons per minute. 

6. If you pump water from a deep well with pump cylinder submerged, answer these 
questions : 

A. What is bore? inches; stroke? inches; length of stroke? 

inches; number of up strokes per minute? 

B. Is cylinder single or double acting? 

C. What is rated capacity? ^ gallons per minute. 

, D. What is length of discharge pipe from pump to storage tank? feet: 

diameter of pipe? inches; number of elbows in discharge lino? 


E. What is rated capacity of pump? gallons per minute. 

7. If water is pumped to overhead storage tank before use, answer these questions : 

A. What are the inside dimensions of storage tank? Diameter? feet; 

height ? feet. 

B. What is the distance from bottom of tank to floor upon which softener will be 

erected? f^t. 

C. What is diameter of pipe that supplies tank? inches. 


Information as to the characteristics of the raw water supply must be known before 
recommendation can be made. The amount of hardness to be removed from the raw 
water governs the capacity between regenerations of any sized Exchange Type Softener. 
The information required can only be obtained by a reliable mineral analysis. If you 
have a recent analysis send us a copy; if not, send us sample in accordance with direc- 
tions ^ven. We will be pleased to ship container for taking sample if you will write 
us. This service is made without charge. 


DIRECTIONS FOR SENDING SAMPLE OF WATER FOR ANALYSIS 



§ uantitt: Not less than one-half gallon, preferamy one gallon. 
ontainer: Use only clean glass bottle. (Never use earthen jug or tin can.) Rinse bottle 
at least three times with water to be sampled. 

Tajuno Samples: If sample is taken from tap or pump; let water run some time before 
sampling. If from stream or pond, avoid surface water, scum and sediment. Leave 
good sized air space below cork. Use new cork, stopper tightly and seal or wire on 
cork, 

Markinq: Label each bottle plainly. Give name of sender and date when taken. Mark 
on each bottle the source of the water, that is, whether from well, pond, river, lake, etc. 
Ship sample to Laboratories, IntematioDal Filter Co., SSS West 25th Place, Chicago, Illinois 


more economical for the industry to supply its own water. Such 
a supply may be obtained from drilled wells, rivers, dammed 
streams or other impounded supplies. Before a company enters 
upon any project, it must assure itself of a sufficiency of water for 
all industrial, sanitary and fire demands, both present and future. 
Data on maximum, minimum and average rainfall can be obtained 
from government agencies if surface water is to be impounded, or 
the data on stream flow of rivers can also be acquired likewise. 
If wells are to be relied on, geologists and practical well drillers 
should be consulted. A specimen inquiry sheet on a water 
supply is given in Table 13. 

Drilled wells tap deep reserves. To lift this supply to the 
surface, centrifugal pumps, suction pumps, rotary pumps or air 
lifts are generally used. The air lift is quite economical and 
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trouble-free since it has no screens to clog or valves to leak. 
The moving parts of the motivating force, the air compressor, 
are all out of contact with the water and any grit borne by it. 
An additional advantage is that soluble ferrous iron is oxidized 
by the aeration process. 

Pumping Water, — In pumping water to and in mills, two 
general types of pump are common: (1) triplex pumps, with 
high first cost, slow speed and high efficiency; and (2) centrifugal 
pumps, with low first cost, high speed and lower efficiency. 
The triplex pump at constant speed will deliver a definite quan- 
tity of water to any height within its limiting pressure, the power 
being proportional to the pressure at the pump. Efficiencies 
range from 70 to 80 per cent. Variation in speed varies the 
quantity directly, while efficiency remains practically constant 
over a wide range of speeds and pressures. These remarks apply 
to all power-driven piston and plunger pumps. 

The centrifugal pump at constant speed will produce a very 
definite pressure at shutoff (no flow). As the valve is opened 
to permit flow, this pressure is reduced. Pressure varies as the 
square of the impeller speed, power as the cube of the speed, and 
quantity (theoretically) as the speed. Actually the last depends 
upon the conditions causing pressure. Efficiency varies from a 
low figure at shutoff (maximum pressure) and free delivery 
(zero pressure) to as high as 80 per cent at some delivery between 
these points. 

Pumps, — If pumping from a river, pit or lake, the centrifugal 
pump is generally preferred, the selection of type being a matter 
of some moment. One of the inherent disadvantages of the 
centrifugal pump is its frequent need of priming, although self- 
priming pumps are available. A number of methods for priming 
centrifugal pumps are explained on pp. 77, 78. All water lines 
must be laid underground and below the frost line. In order to 
reduce renewals, cast iron is generally used for water mains buried 
underground. If either the distance to be pumped or the eleva- 
tion of the terminal is too great for a single centrifugal pump, the 
judicious placement of booster pumps will serve. Reciprocating 
pumps are more efficient in their service for pumping to high 
elevations or against considerable friction, but they are rather 
inflexible and cause more or less pulsation of the water stream, 
which may be annoying. 
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Plumbing Codes. — The water supply of buildings, including 
heating equipment for water, the gas piping, the system of drain- 
age and sewerage and the various fixtures connected therewith, 
are installed by the plumber in accordance with specifications 
prepared by the architect, based on municipal regulations or 
some standard code. These regulations are instituted as a 
measure for ensuring workmanship in accordance with approved 
health regulations. An investigation of various municipal 
codes will easily convince the chemical engineer of the importance 
of competent inspection of any sewerage and drainage setups 
necessary in his plant. 

Towers. — The water tower is essential in the water system 
to act as a buffer in the line, to maintain a uniform head of water, 
to store water against temporary breakdowns in the plant, and 
for fire protection. Water towers are generally built to specifica- 
tion, but standard tanks are made in all parts of the country. 
Steel tanks for capacities of 25,000 to 1,000,000 gal. for high 
head range and up to 2,000,000 gal. for low head range are 
standard. 

Although the head range between a full and an empty tank 
in the larger capacities may be excessive for some installations, 
in most cases the reserve storage capacity provided for fire 
protection will be enough to keep the ordinary head fluctua- 
tions within reasonable bounds. Table 14 gives data on 
Pittsburgh-Des Moines standard, hemispherical, elevated water 
tanks, or towers, for three- to four-panel towers and for 25,000 
to 100,000 gal. capacities. Such tanks are ready for immediate 
shipment. Other sizes can be obtained on short notice. 

Hemispherical-bottom tanks are designed with the most 
economical dimensions in various capacities, for ordinary require- 
ments and for high head ranges. 

When a low maximum head range is necessary ellipsoidal- 
bottom tanks are used. These tanks are more useful for the 
larger capacities, but consideration should be given to the actual 
head-range requirements under operating conditions in order to 
secure the most economical and practical installation. 

Standpipes with a narrow leg are prevented from freezing 
by the natural insulation provided by the ice which forms on 
the inner wall, and by the convection currents set up as the cold 
water falls and the warm water rises in the pipe. The leg 



PUMPS AND PUMPING 


87 


is usually insulated by wood sheaves, packed inside with ground 
cork or sawdust. 

Wooden Tanks. — Wooden tanks for water are generally made 
of cypress. The thickness of the staves varies with the capacity, 
2 in. being used for capacities up to 10,000 gal., 23 ^ in. up to 
20,000 gal. and 3 in. for larger sizes. 


Table 14. — Standard, Hemispherical-bottom, Elevated Tanks’ 



Tank dimensions 

Capacity, 
U. S. galluns 

Diam- 

Cylindrical 

Overall 

Height of towers to bottom of tank 
capacity 

1 

eter 

height 

tank height 

Three-panel towers 

Four-panel 

towers 

26,000 

15 ft. 

14 ft.-7 in. 

19 ft.-ll in. 

75 ft.-O in. 

100 ft. 

30,000 1 

15 ft. 

18 ft.-5 in. 

23 ft.- 9 in. 

75 ft.-O in. 

100 ft. 

40,000 1 

17 ft. 

18 ft.~6 in. 

25 ft.- 1 in. 

75 ft.-O in. 

100 ft. 

60,000 1 

19 ft. 

17 ft.-7 in. 

25 ft.- 7 in. 

75 ft., 83 ft.-4 in., 100 ft. 

100 ft.-8 in. 

60,000 

19 ft. 

22 ft.-O in. 

30 ft.- 6 in. 

75 ft., 100 ft. 

100 ft,-8 in. 

75,000 

21 ft. 

22 ft.-6 in. 

30 ft.- 6 in. 

75 ft., 100 ft. 

100 ft.-8 in. 

100,000 

24 ft. 

22 ft.-^ in. 

31 ft.- 0 in. 

75 ft., 100 ft. 

100 ft.-l in. 


1 All abov’e tanks have four columns. Pitt sburgh-Des Moines 


Water-service Demands. — The demands for personal water 
service and processing service have been the subject of consider- 
able study and data have been obtained from actual service 
demands, indicating the requirements of many types of establish- 
ments. The data given in Table 15 present average water-supply 
requirements for the various types of building included. These 
factors, of course, will vary somewhat, depending upon the class 
of service to which a building is put, the number and character 
of water users, and factors of waste, water leakage, etc. How- 
ever, in general, these figures will give an adequate basis for 
intelligent calculation of the total water demands for any class 
of building. The rates per fixture given in the table are based 
upon an equal number of men and women tenants. If men are 
in the majority, the factors may be decreased by 33 per cent 
Where the total number of fixtures exceeds 150, the total pum^ 
capacity figured from the rate of consumption per fixture may be 
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reduced 25 per cent. It is always desirable to provide for a 
pressure at the fixtures of 30 to 40 lb. per square inch. 


Table 15. — Water-supply Requirements 


Building type 

Minimum 
consumption 
per capita 
per day, gal. 

Water 

consumption 
per fixture, 
gal. per min. 

Apartments and apartment hotels . . . 

46 

0.75 

Asylums 

150-200 

1.00 

Dormitories and boarding schools . . . 

100 

0.90 

Homes for the aged 

100 

0.90 

Hospitals 

150-200 

1.00 

Hotels 

150-200 

0.80 

Office buildings 

45 

0.75 

Sanitariums 

160-200 

1.00 

&hools and colleges 

50 

0.80 

Stores and shops 

45 

0.75 

Swimming pools 

500 



Flow of Water in Pipes. — In the handling of liquids, the loss 
of head on account of friction in pipes is a considerable factor. 
Figure 31 shows a diagram for calculating pipe sizes, discharge 
velocities and loss of head in gas and water pipes. Too much 
piping is installed without previous planning, and a tremendous 
waste results. In designing a piping job, it is necessary to deter- 
mine first the ultimate quantity of liquid to be handled. The 
loss of head through friction in each section of pipe can be 
obtained from Perry’s ‘^Chemical Engineers’ Handbook,” pp. 
804-805. Short bends increase the pressure drop to a consider- 
able extent, on which account as few bends as possible should be 
used. Instead, long-sweep or 45-deg. ells should be substituted 
where conditions permit. Heavy, viscous liquids must be 
pumped at much lower velocities if excessive friction loss is not 
to result. 

The inside surface of the pipe has some effect upon resistance 
to flow of liquids. The results obtained from tables are accurate 
for ordinary wrought-iron water pipes, but the surface of cast- 
iron pipe is not so smooth or uniform. Care in installation of 
piping is essential. The pipe must be reamed to full diameter 
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Fig. 31. — Fluid flow chart based on clean steel pipes. {Courtesy of E. I. du Pont 
de Nemours & Company, Inc., Engineering Department, Technical Division, 
Wilmington, Del.) 


Directions for Using Chart. — This chart from the Chemical Engineering 
Catalog^ is based on the Fanning equation: AP = AfLpV^I2gDj and the 
following friction factor vs. Reynolds number relationship: 

/ « 0.04{DVp/p)-^^\ 

which represents a safe straight line for commercial steel pipe in the turbulent 
region. The units in these equations are consistent; for example, in thef 
f.p.s. system: AP - pressure drop, lb. per square foot; L = length, ft.; 
p = density, lb. per cubic foot; V =* velocity, ft. per second; D = diameter, 
ft.; p = viscosity, lb. /(ft.) (sec.). In these units, the critical Reynolds 
number is about 2,100. 

' From the Technical Data Section of the Chemical Engineering Catalog, 
pp. 104-106 (1940). 
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In the units used on the chart, the equation with the friction factor line 
substituted is Ap = 0.1325L/iO-^®wi *^/pZ),-* and the critical Reynolds 
number in these units is about rnlixDi = 0.33. 

For viscous flow, i.e.j Reynolds numbers below the critical, the Hagen- 
Poiseuille equation should be used. In the units used on the chart, the 
equation is Ap = 0.034 Lmwi/pD<^. 

Gas Example . — Air at a pressure of 120 lb. gage and a temperature of 
30°C. is flowing at the rate of 500 lb. per hour through a 2-in. standard steel 
pipe. What is the pressure drop per foot of pipe? The actual inside diam- 
eter is 2.067 in. The pressure of the air is (120 + 14.7) /14. 7 = 9.16 atm. 
abs. Connect Di = 2.067 with m = 0.5 and extend the line to intersect the 
reference line at A = 6.15. Connect 30°C. on the gas-temperature scale 
with molecular weight = 29 and intei*sect the p“-i®/p line at 7.1. Join this 
last intersection with point A, intersecting the Ap(P)/L line at 0.008. The 
pressure drop is then 0.008/9.16 = 0.00087 lb. per square inch per foot of 
pipe. 

Liquid Example . — A 35 per cent calcium chloride brine is to be pumped 
through a line at 250 gal. per minute at a temperature of O'^C. If the allow- 
able pressure drop is 0.006 lb. per .square inch per foot of pipe, what size of 
pipe is required? Connect 0°C. on the liquid-temperature scale with the 
intersection of grid values = 2.6 and Y = 4.2 shown in the table of 
^‘Coordinates for Liquids.” Extend the line to ^Vp = 0.0179 and con- 
nest that point to Ap/L = 0.006 and extend to the reference line at point 
B = 11.65. Connect point B through m = 147 (since at density of 73.3 
lb. per cubic feet, 250 gal. per minute = 147,000 lb. per hour) to intersect at 
Di — 5.5 in., indicating a 6-in. pipe. 


Molecular Weights of Gases 


Acetylene 

26.0 

“Freon 114” 

170.9 

Air 

29.0 

Helium 

4.0 

Ammonia 

17.0 

Hexane 

86.1 

Argon 

39.9 

Hydrogen 

2.0 

Bromine vapor 

159.8 

Hydrogen bromide 

80.9 

Butane 

58.1 

Hydrogen chloride 

36.5 

Butylene 

56.1 

Hydrogen cyanide 

27.0 

Carbon dioxide 

44.0 

Hydrogen fluoride 

20.0 

Carbon monoxide 

28.0 

Hydrogen sulfide 

34.1 

Chlorine 

70.9 

Methane 

16.0 

Cyanogen 

52.0 

Methyl chloride 

49.6 

£thane 

30.1 

Nitric oxide 

30.0 

Ethylene 

28.0 

Nitrogen 

28.0 

Fluorine 

38.0 

Oxygen 

32.0 

‘‘Freon 11” 

137.4 

Pentane 

72.1 

“Freon 12” 

120.9 

Propane 

44.1 

“Freon 21” 

102.9 

Propylene 

42.1 

“Freon 22” 

86.5 

Sulfur dioxide 

64.0 

“Freon 113” 

187.4 

Water 

18.1 
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Coordinates for Liquids (and Aqueous Solutions) 



X 

Y 


X 

Y 

Acetaldehyde 

-0.3 

3.7 

“Freon 113” 

0.9 

6.2 

Acetic acid, 100 % 

1.0 

4.0 

“Freon 114” 

-0.4 

6.2 

Acetic acid, 77 % 

2.6 

3.8 

Glycerol, 100% 

6.9 

1.8 

Acetic anhydride 

0.7 

4.3 

Glycerol, 50% 

3.0 

3.7 

Acetone, 100% 

0.9 

3.4 

Hydrochloric acid, 31.5% 

1.1 

4.2 

Acetone, 35% 

2 7 

3.7 

Linseed oil, raw 

3.4 

1.8 

Ammonia, anhydrous 

0.9 

3.6 

Mercury 

See Chart 

Ammonia, 26 % 

1.9 

3.6 

Methanol, 100% 

0.8 

3.3 

Aniline 

2.5 

3.4 

Methanol, 40% 

2.8 

3.6 

Benzene 

0.6 

3.6 

Methyl acetate 

0.0 

4.2 

Butanol 

2.6 

2.6 

Methyl chloride 

-0.8 

4.3 

Calcium chloride brine, 



Nitric acid, 95% 

0.8 

5.8 

25% 

2.6 

4.2 

Nitric acid, 60% 

1.5 

4.8 

Carbon disulfide 

0.0 

5.6 

Nitrobenzene 

1.7 

4.4 

Carbon tetrachloride 

0.7 

6.0 

Octane 

0.4 

2.7 

Chloroform 

0.0 

6.0 

Phenol 

2.4 

3.4 

Chlorosulfonic acid 

1.5 

5.8 

Propionic acid 

0.6 

3.8 

Cycilohexanol 

5.3 

2.2 

Sodium chloride brine. 



Diphenyl 

0.0 

3.5 

25 % 

2.1 

4.4 

Kther 

-0.3 

*3.2 

Sodium hydroxide, 50% 

5.3 

3.7 

Ethyl acetate 

0.2 

3.9 

Sulfur dioxide 

-0.2 

6.1 

Ethyl alcohol, 95^ ;, 

1.9 

3.0 

Sulfuric acid, 110% 

3.7 

4.7 

Ethyl alcohol, 45 (c 

3.6 

3.4 

Suifuric acid, 98 % 

3.5 

4.8 

Ethyl chloride 

0.2 

4.3 

Sulfuric acid, 78% 

3.2 

4.8 

Ethylene glycol. 

3.5 

2.9 

Tetrachlorethylene 

0.3 

6.2 

Formic acid 

1.5 

4.5 

Toluem^ 

0.4 

3.6 

“Freon 11” 

0.0 

6.2 

Trichlorct hy lene 

0.1 

5.9 

“Freon 12” 

-1.2 

5.9 

Turpentine 

1.1 

3.1 

“Freon 21” 

-0.4 

5.9 

Vinyl acetate * 

0.4 

4.2 

“Freon 22” 

-1.7 

5.5 

Water 

2.0 

4.2 


after cutting, and care should be taken to remove sand, rust or 
scale by standing the pipe on end before it is put in place. 

Each fitting material affects the flow of water, producing a 
loss in head that can be calculated in terms of pipe length as 
shown in Fig. 32. Choose pipe fittings that will allow free flow; 
use gate valves instead of globe valves wherever possible. (See 
Perry^s ^‘Chemical Engineers^ Handbook, p. 825.) 

Economical Pipe Selection. — In choosing the size' of pipe to be 
used, the selection should be based on both cost of pipe and cost 
of power. A small pipe costs less, but the friction is greater and 





CHEMICAL ENGINEERING PLANT DESIGN 



Globe Valve, Open ^ 



5 Example: The dotted line shows that 
the resistance of a 6-inch Standard El- 
bow is equivalent to approximately 16 
feet of 6-inch Standard Pipe. 

Note: For sudden enlargements or sud- 
den contractions, use the smaller diame- 
ter, d, on the pipe size scale. 

Gate Valve L 30OO 

-^Closed 
—Vi Closed 
—i 4 Closed 
—Fully Open 


Angle Valve, Open ^ 


Standard Tee 


Close Return Bend- 


Standard Tee*^ 
Through Side Outlet 




Standard Elbow or run 
Tee reduced Vi 




Medium Sweep Elbow or_ 
run of Tec reduced V4 


Long Sweep Elbow or > 
run of Standard Tee 


Square Elbow 


Borda Entrance 

Sudden Enlai^ment- 

I ‘•/d- 




^Ordinary Entrance 

Sudden Contraction 

>l_d/D-54 

' — <*/d-V4 

d/D-?4 


i 12- 

£ IQ- 
'S 9- 

i 8 - 

c3 7- 


8 5- 

§4Vi— 

S 4- 

1 

2 

2Vi— 


Fig. 32. — Hesiatance of 


valves and fittings to flow of fluids. {By permission of 
Crane Company.) 


r. Inches 
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this increases the power bill. A larger pipe in many instances 
will save more in power bills than the additional investment in 
pipe will cost. Furthermore, the larger pipe may so reduce the 
total pumping head that a lighter and lower priced pump and 
drive may be used. It is not unusual to see a pipe line several 
sizes larger than the pump-discharge connection. 

From Table 16 it is possible to determine how much power a 
pipe hne of a certain size takes, handling a certain quantity of 
water. By comparing the pumping cost with the total cost of 
the pipe line, which should include interest on the investment, 
depreciation, maintenance and cost of erection, the engineer 
will be able to decide what size is the most economical for his 
plant. (Also see Table 101 and Fig. 66, Chap. XII.) 


Table 16. — Power Consumption of Pipes^ 

(Theoretical horsepower for pumping water through 1,000 ft. of new iron 

pipe*) 


Flow, 

Pipe size, in. 

gal. per min. 


IH 

2 

2H 

3 

4 

5 

6 

60 

5.4 

2.6 

0.9 






76 


8.0 

2.8 

0.9 

.... 


.... 


100 


18.3 

6.4 

2.1 

0.9 




160 


.... 

20.3 

7.1 

2.9 

0.6 



200 




15.5 

6.5 

1.5 



300 



.... 


20.5 

5.0 

1.7 

. . . 

400 


.... 




11.3 

3.8 

1.6 

600 






21.6 

7.3 

2.9 

600 





i 


12.2 

6.1 


1 Goulds Pumps, Inc. 

* Does not include pump efficiency. 



CHAPTER VI 


THE BUILDING 
INDUSTRIAL BUILDINGS 

Engineers engaged in designing chemical plants must take into 
consideration location, climatic conditions and the nature of the 
chemical industry which the plant is to house in deciding on type 
or types of building construction to adopt. The process and the 
materials handled will indicate the general design requirements. 
Careful attention must be given to the type of floor, structural 
frame, walls, roof, fume handling, drainage, ventilation, heating, 
and foundations of both building and equipment. Although 
experienced engineers can determine the proper building prac- 
tices, information regarding relative costs of different forms of 
structure is valuable for preliminary survey purposes for the 
chemical engineer. Usual industrial buildings are of two types: 
(1) multistory; and (2) siugle-story. In certain of the chemical 
engineering industries the multistoried building (or, at least, a tall 
single-story building) is required where gravity flow from point 
to point in the process is absolutely necessary. In such a case 
equipment must be supported at different levels, either on different 
floors of a raultistoried building, or on working platforms inde- 
pendent of the building wall and reached by open stairways. 

Buildings to house chemical and process plants are probably 
more frequently governed by the type of equipment to be used in 
manufacturing than any other type of industrial building. In 
fact, in many instances the building becomes merely an enclosure 
to protect the process and the equipment involved from the 
weather. Still, there are cases where the structure is designed to 
support a considerable amount of equipment at various levels 
within the building itself ; whereas, on the other hand, particu- 
larly where process and climate will permit, there is an increasing 
tendency to use process equipment and machinery of an outdoor 
or unhoused type. 
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Where plant additions must be made in congested areas, space 
for single-story construction may not be available except at 
prohibitive cost. The general tendency of industry in recent 
years, to move from congested central districts to outlying 
communities, has been attended by a great increase in the number 
of single-story buildings, built where land is cheap and taxes 
low. However, modern industry is coming to find out that the 
single-story type is preferable, almost without regard to taxes are 
and land values.^ For many industries, the single-story building 
is the most efficient and economical, whether land cost is $50 or 
$2,000 an acre. 

That multistory huildings^ are less expensive per square foot 
than single-story buildings is a common misconception, based 
on the fact that the structural floor of a multistory building 
serves also as a ceiling for the story directly beneath it. In 
contrast to this, the single-story building naturally must have a 
floor and roof for every square foot of floor space. However, 
there are factors that more than offset this. For example, 
multistory buildings practically all have basements that must be 
excavated. Basement walls are heavier than other walls in all 
buildings, and considerable expense for waterproofing of the 
basement walls and floor is entailed. The cost of stairs, elevators, 
approaches, outside and interior walls and wall columns bulk high 
in the multistory building. Cost of elevators and their commonly 
required enclosing walls is a large item, and most multistory 
buildings of fair size require either two freight elevators and one 
passenger elevator, or one of each type. Building codes usually 
call for at least one stairway at each end of a multistory building, 
and these must be enclosed in fire walls at added expense. 
The frequent heavy live-load requirements put on multistory 
building floors often increase the cost of multistory construction. 

Single-story buildings^ with some few exceptions, are less 
expensive than the multistory type in original cost, maintenance 
cost and operating cost. The increasing intensity of industrial 
competition, making economical and efficient straight-line pro- 
duction virtually a matter of self-preservation for the manu- 
facturer, requires the use of the single-story plant in the great 
majority of cases. In the single-story building, the load the 

^ Kahn, M., Factory Management and M anagenienty 96, 51 (1937), 

a Stitt, H. E., Chem, Met. Eng., 38, 196 (1931). 
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floor will carry usually is limited only by the bearing value of the 
soil on which the floor rests. Most soils have a bearing value of 
many thousands of pounds per square foot. 

Flexibility is another important advantage of the single-story 
building. If a manufacturer finds^it necessary to effect radical 
changes in product or method, he may find a multistory building 
unsuited to the new production scheme, whereas a single-story 
building lends itself to almost any kind of arrangement, because 
of the absence of large columns and the uniformly high floor- 
loading capacity. 

Industrial buildings ordinarily divide themselves into a few 
simple types about as follows:^ 

1. Flat-roof buildings may be either single- or multistory and 
are often used where it is advisable to house a number of tanks or 
other vessels or equipment on or above the roof. Although there 
are a good many flat-roof buildings in use in the chemical indus- 
try, as well as in many other manufacturing uses, it is usually 
advisable to eliminate traffic of any sort over roof surfaces in 
order to avoid possible mechanical damage or punctures that will 
result in leaks. Many plant operators feel, too, that it is advisa- 
ble to get water and snow off the roofs as soon as possible and 
therefore frequently insist upon pitched roofs with fairly steep 
angles. 

2. Pitched-roof buildings may be of single- or multistory 
design. In either case this type of roof is often combined with a 
monitor that may be designed to give additional interior day- 
lighting in the building or to be equipped with louvers for ventila- 
tion. In many cases ventilated types of sash provide both 
ventilation and interior illumination. 

3. Sawtooth buildings are usually best located with the glass in 
the sawteeth facing directly north. Although somewhat expen- 
sive, there are distinct advantages in lighting and visibility in a 
building having the sawtooth type of construction. For certain 
kinds of plants, notably those in which macroscopic examination 
of processed materials is important, as in dyeing, it is the only 
proper type. Direct sunlight is excluded, and the time of use of 
artificial lighting during the day is considerably reduced. There 
is a uniform diffusion of light to all parts of the space, which 
makes all space working space. The disadvantages lie in the roof 

^ Fbboubon, H. K., Chem, Met, Eng.^ 48 , 5 — 97 (1941). 
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construction, and special care must be exercised in design. 
Leaks, excessive loss of heat, excessive condensation on the under- 
side of the roof and poorly controlled ventilation are commonly 
encountered in sawtooth construction. The cost of construction 
is greater due to the cost of windows, glazing, special flashing, 
condensation conductors for skylights and higher cost of heating. 

Windowless and blackout plants are considered in certain types 
of defense industries but give promise for selective adoption in 
process and chemical plants. Where it is important to the 
process to maintain temperatures and/or humidities within 
narrow ranges, or where air conditioning is essential for other 
reasons, this type of design may find more general application. 

UNHOUSED PLANTS! 

Industrial operations are commonly conducted inside of build- 
ings in order to afford shelter to the workmen, the manufacturing 
equipment, the raw materials, intermediates and products. 
Many large chemical manufacturing operations, however, have 
little need for buildings because the number of workmen per unit 
of factory space is generally small, the equipment is of such a 
nature that it either needs no shelter, or it can be protected more 
economically without a building and finally, the materials needing 
protection do not emerge from the equipment except at one or 
perhaps a few points where specifically designed structures afford 
the most economical shelter. 

The awakening to large economic advantages resulting from 
the unhoused and semihoused types of construction is partly due 
to the fact that the larger the factory the more profitable it may 
be. Also the above types are well adapted to the South, where 
the weather is inclement only a short time and the lack of shelter 
during such periods is only a transitory inconvenience. Then 
one must consider that there are three elements to shelter, viz., 
attendants, equipment and materials; very seldom need all three 
be accorded the same treatment regarding shelter; quite fre- 
quently only one needs shelter continuously, the other two but 
occasionally. 

Sheltering Attendants. — The general principle involved in 
affording shelter to workmen is to arrange his duties and facili- 
ties so that little space be needed. If instruments show the 

! Dbutsch, Z. G., C/iem. MeU Eng., iS, 5-100-101 (1941). 
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temperatures, pressures, concentrations, flow rates and other 
factors of control by the operator, then the installation of an 
instrument panel, with push button, lever or control wheel 
alongside each instrument will permit the operator to observe at 
all times his duties to the processing equipment in a small well- 
placed shelter right among the equipment. In addition to instru- 
ments, it is well to adopt scattered shelters in unhoused plants 
by the simple expedient of centralizing pumping, lubrication, 
control sample lines for routine filtration and automatic sampling 
being carried to a central control room. The percentage of time 
during which rain is falling is very small; it seems poor economy 
to provide shelter for maintenance workmen on occasional jobs, 
which, 99 times out of a 100, actually furnishes no shelter to 
anyone. 

Shelter of Equipment. — Equipment must be sheltered from 
adverse weather effects, destructive effects of adjacent processing 
and deleterious local atmospheric conditions. Protection of 
equipment from the weather is relatively simpler than protection 
from corrosiw fumes or abrasive dusts. Special ecpiipment is 
often housed in shelters provided with effective air conditioning 
as protection from fumes or dust. Not too extensive corrosive 
atmospheres can be combated inexpensively by using the proper 
protective- paints. However, changes in heat effects are not so 
readily corrected. In some eases the heat lost is of negligible 
value but yet can so upset the control that it becomes necessary 
to provide adequate insulation; there can be considerable dif- 
ference in heat loss between day and night, sunshine and shade, 
still air and moderate winds. A layer of heat insulation covering 
the exterior of the equipment gives more effective control of 
these losses than can be found in uninsulated equipment in the 
usual type of factory building. 

Heat insulation requires careful protection from the weather, 
not only to prevent loss of insulating properties, but also to pre- 
vent damage to the insulation through leaching and/or segrega- 
tion. A fairly strong outer coating, finished off with a waterproof 
or repellent layer or film, provides protection from rain. Heat 
insulation needs maintenance service, and provisions should be 
made for replacement of sections or repair to areas. 

Shelter of Materials. — The protection of raw materials, 
intermediate by-products and products from the weather and 
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local atmosphere may not be so troublesome as the protection of 
workmen and equipment. All soluble solids and products of 
high purity must be completely protected, as must products 
packed and loaded for shipment. Coal, rocks and ores need no 
shelter, and many bulk materials can be cheaply protected in 
storage in cylindrical, spheroidal or spherical tanks. Segregation 
of materials differing considerably in nature can be accomplished 
more effectively by mixed housed and unhoused types of shelters. 

Welded Trusses.^ — Of recent origin, developing with welding 
te(^hnique, is the rigid-frame construction of trusses, reducing the 
many steel members which ordinarily obstruct light. These 
trusses permit the utilization of the entire building interior, 
reduce plant maintenance costs, lower depreciation and permit 
greater flexibility in accommodating plant operations. The 
portable truss is also available for greater flexibility in internal 
utilization of space. 

Materials of Construction, — P'or types of building construc- 
tion for the chemical plant, and description of the various 
building methods and materials ordinarily available, together 
with approf)riatc cost data, it is suggested that the building 
code recommended by the National Board of Fire Underwriters, 
of New York, be consulted.^ The following classification of 
buildings is represented in this code.^ 

1. Frame Construction. — The exterior walls or portions thereof of 
wood; also a building with wooden framework veneered with brick, 
stone, terra cotta, or concrete; or covered with plaster, stucco, or sheet 
metal. 

2. Non fireproof Construction. — a. Ordinary Construction. A build- 
ing having masonry w^alls, with floors and partitions of wooden joist 
and stud construction. The supporting posts and girders may be of 
wood or of protected metal. 

b. Mill Construction (sometimes called ‘‘slow-burning construction^^). 
A building having masonry walls and heav^y timber interior construction. 

3. Fireproof Construction. — Consists of masonry, steel, or reinforced- 
concrete construction. 

Flooring. — An industrial flooring should be chosen \vith a 
view to combining as many of the following properties as possible, 
consistent with the conditions to which the floor will be subjected: 

^ Vernam, H. D., Chem. Met. Eng., 48, 5—112 (1941). 

2 Parker, H. II., Chem. Met. Eng., 33, 545 (1926). 
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Attractive. 

Low initial cost. 

Low installation cost. 
Low maintenance cost. 
High strength. 
Noncorrodibility. 
Resiliency. 

Durability. 

Shock resistance. 


Flexibility. 

Nonabradability. 

Nonslip quality. 

Quietness. 

Sanitary quality or cleanability . 
Waterproof quality. 

Fire resistance. 

Thermal insulation. 

Ease for fastening equipment. 


According to Fitzmaurice and Lea,^ factors to be taken into 
account in flooring for chemical plants are: 


1. Resistance to w’ear and abrasion including maintenance and ease 
of renewal. 

2. Durability in terms of chemical resistance to materials likely to 
come in contact with the floor, combined with (1) above. 

3. Comfort in terms of (a) hardness, (6) warmth, (c) noisiness, (d) 
slipperiness. 

4. Changes in volume. Drying shrinkage is the most important. 

5. Appearance, new and worn, and ease of cleaning. 

The type of flooring to be used in a chemical plant can be ascer- 
tained from the data given in Table 17. The combinations 
obtainable in floor material are many, and it may be necessary 
to combine some of the types in order to secure the desired 
properties^ 

Machine shops, textile mills and similar plants which require 
the employee to stand for a considerable part of the day, are 
usually built with a heavy wooden floor or a wood-block floor 
on a concrete subbase. Foundries, steel fabricating shops and 
boilers shops generally use dirt floors. Chemical plants demand 
a floor that will stand up under extreme conditions of acid 
and alkali exposure. Concrete or brick is used largely where heavy 
storage and constant trucking give an unusually severe test to 
the floors. Steel is especially adaptable to mezzanine floors 
an(i platforms because of the ease with which a strong and 
permanent floor can be installed. The use of steel grating 
will give more light to the space below and also give a floor that 
will be less dangerous to the workmen because of the elimination 
of slippage. A heavy steel plate is sometimes laid over the wood 


^ Fitzmaubicb, R., and F. M. Lba, Trans. Inst. Ckem. Engrs. (London), 
17 , 30 ( 1939 ). 
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in the aisles of storerooms to give a truckway that will not wear 
out so rapidly as wood. 

Special conditions of use sometimes dictate an unusual type 
of floor covering, as, for instance, a lead pan to saVe drips, under 
specific equipment or over an entire building floor. Rubber has 
been applied to bridges, roads and, in limited cases, to floors. 
Asphalt has been used as a protection for concrete but is open to 
the objection that it will not stand up under heavy loads, espe- 
cially when exposed to even moderate heat. The more recent floor 
coverings of such materials as mastic (asphalt and Portland cement) 
which have been worked up with an inert filler, render excellent 
service for general conditions. They are cheap and can readily be 
applied over an old floor. Some acidproof cements have recently 
been placed upon the market which can be poured in place and 
which harden to a very serviceable floor. Their brittleness and 
poor resistance to abrasion under extreme conditions may, 
however, cause them to be eliminated in some cases. 

Walls and Framework. — Steel or wood framework of buildings 
can be filled in with a number of combinations. Concrete is 
probably the best material to use for walls in a building of 
permanent construction, although concrete and brick are nearly 
ideal where the size of the project warrants the investment. 
Relative fire resistances of walls and partitions for brick, concrete, 
hollow tile, gypsum block and plaster have been compiled by 
Miner, Miller and Tilden.^ 

Sheet-metal construction of any kind has the advantages of 
cheap and quick erection. It will not be found desirable in the 
colder climates as this type of building is hard to heat, unless 
insulating lumber is used on one side of the sheet metal. How- 
ever, for foundries and warehouses, sheet metal is very largely 
used since heating is unimportant and low initial cost is a major 
factor. Where corrosive conditions will not permit the use of 
unprotected metal, it is possible to use an asphalt and asbestos 
covering which will resist corrosion. 

For both permanency and maintenance, the building frame- 
work ^should be of steel, built of heavy H-section columns and 
heavy floor beams to allow reasonable floor span. Floors should 
not be brought closer to steel columns than 6 in. and should have 

‘ Pbbry, J. H., Chemical Engineers' Handbook," p. 2882, McGraw-Hill 
Book Company, Inc., New York, 1941, 2d ed. 
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Milk 

1 

i _ ___ 

No apinaciable 
chemical de- 
terioration 

Attacked 

More resistant 
than Portland 
cement 

None 

As “weak add*' 

1 ? 

fl 

No appreciable 
chemical de- 
terioration 

Probably soften 

Attacked 

More resistant 
than Portland 
! cement 

None 

None 

Animal and 
vegetable oils 
and fats 

Oils and fats 
absorbed. No 
appreciable 
chemical ac- 
tion except 
for solvent ef- 
fect on minor 
components 

Softened 

Attacked 

Little action if 
free acids not 
present in ap- 
preciable 
amounts 

None 

None 

j 

Mineral oils 
and grease 

1 

Oil absorbed no 
chemical ac- 
tion by hydro- 
carbons but 
add impuri- 
ties have same 
effects as for 
mineral acids 

Softened 

None 

None 

None 

None 

Sulphate salts 

Neutral salts 
have no ac- 
tion. Acid 
salts as for 
dilute acids 

None 

Attacked 

None 

As “alkalies” 

• 

.\8 “common 
salt” 

Common salt 

Swelling and 
pickup of 
grain, particu- 
larly in resin- 
ous woods 

None 

None except 
for very strong 
solutions 

None 

As “alkalies" 

PossiUe crys- 
tallisation ef- 
fects 

Weak acids 

Cause pickup 
of min and 
gradual hy- 
drolysis when 
dilute. Strong 
acetic acid has 
marked cor- 
rosive effect 

Resistant 

None 

None 

Attacked 

More resistant 
than Portland 
cement to di- 
lute solutions 

None 

Attacked 

Alkalies 

' Strong alkalies 
destroy all 
woods. Some 
wood particu- 
larly oak. dis- 
colored W any 
alkali. Weak 
alkalies cause 
pickup of 
grain in resin- 
ous woods 

Resistant 

Attacked 

Attacked 

None 

Attacked 

Possible risk 
deterioration 
owing to crys- 
tallisation of 
salts if tiles 
very porous 

Little or none 

Water 

Swelling col- 
ored extracts 
leached from 
oak 

None 

None 

Little 

Slight swelling 

Slight swelling 

None 

None 

Heat and light 

Shrinkage 

Hardens and 
gets more 
brittle 

Hardens and 
cracks 

Harden and 
crack 
Shrinkage 

Shrinkage 

None 

None 

• 

Flooring 

materials 

Wood 

Rubber 

linoleum idkeet 

linoleum cwk 
idea 

Portland ce- 
ment con- 
crete and 
mortar fin- 
iAes 

Aluminous ce- 
ment con- 
crete and 
mortar fin- 
irites 

Clay tUee 

Marbles and 
hard lime- 
stones 
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Milk 

As “weak aetd" 

Softens “ chem- 
ical” asphalt 
with inert fill- 
er and granite 
aggregate 
preferaWe 


1 

'll 

Sugar (hot 
solution) 

1 ' 

1 1 


t 

d 

1 

00 

1 

m 

Animal and 
vegetable oils 
and fats 

None 

As “ mineral 
oils” 

Not harmful 


As “ mineral 
oils” 

Mineral oils 
and grease 

None 

Softens coal-tar 
pitch products 
more resistant 

Not harmful 


Softens coal- 
tar pitch pro- 
duces more 
resistant 
ds 

lect 

Sulphate salts 

I 

1 5 

9 «s 

% z 

1 ’< 


O a) 

3 a ^ 

1 S I 

a » S 1 

.9 S & 

- Z 1 

1 

§ 

o 

O 

Possible crys- 
tallisation ef- 
fects 

None 

-\s “water” 


^ 1 

1 iS o 2; 

1 I 1 l| 

1 _ -5 

Weak acids 

Calcareous 
sandstones af- 
fected, others 
not affected 

Affects normal 
asphalts, acid 
resisting w 
“chemical” 
asphalt with 
inert filler, 
slate dust re- 
quired 

Attacked un- 
less adequate 
protection by 
wax 


more slowly. Jo 

None if filler is 
inert, t.Q., as- 
bestos or slate 
dust 

conditions subje 

oisture causes de 
oleum to base. 

Alkalies 

Possible risk of 
deterioration 
owing to crys- 
tallisation of 
salts 

Little or none 

As “water” 


attack proceeds 

Little or none 

le. Under damp 

!um to base. IVl 
t) for sticking lir 

Water 

None 

None 

Must be pro- 
tected by w ax 
or oil. Not 
suitaUe under 
continuously 
wet condi- 
tions 


g materials, but 

None 

g lincdeum to bai 

g rubber or linol 
[Mste (like a pain 

Heat and light 

Shrinkage may 
occur 

Softening if 
temperature 
too high for 
grade used 

LiaUe to crack 
and buckle 
owing to de- 
hydration 


As under floorin 

Slight 8(^ten- 
ing. Joints 
apt to protude 
as ridges 

Used for stickin 

Used for stickin 
Used as a thin 

C § 

a « 

s .J "la 

■g -a 

1 J 

Jointing 

materials 

Portland ce- 
ment 

Altiminous ce- 
ment 

Bituminous 

mastics 

Glues* 

Rubber sdu- 
tions and 
Latex* 

Jurying oils* . . . 
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a substantial curb around the column, especially if subject to 
spills of corrosive liquors. Pockets in steel framing should be 
eliminated, as far as possible. 

Hollow tile offers a compromise in cost between metal and 
heavy masonry. The tile walls are easily, quickly and cheaply 
erected and are not unduly expensive to maintain. However, 
it should be understood that they are primarily of temporary 
construction and subject to rather rapid deterioration on account 
of vibration or shock. This type of construction was very 
popular for war industry plants erected in the northern states. 
It has a further value in explosives plants in that it will dis- 
integrate easily upon shock. The combination of hollow-tile 
walls with concrete pilasters is commonly used and results in a 
high-grade building of low initial cost. 

Wooden walls are cheap, noncondensing, quickly erected and 
easily altered. A study of the fire hazard, corrosive action of 
fumes and insurance rates will generally be enough to show 
whether a wooden building is desirable for the industry under 
consideration. In the southern states wood is subject to split- 
ting due to high humidity and temperature changes and is sub- 
ject to rapid disintegration due to termite attack. 

There has probably been no more noticeable change in building 
design during the past 10 years than the present tendency to 
install as much glass as possible in the walls and roof of buildings. 
The typical factory building of 20 to 30 years ago was constructed 
of heavy brick walls with large wooden-sash windows placed 
between brick piers as wide or wider than the windows, resulting 
in a glass area of considerably less than 50 per cent of the total 
wall surface. The average newly designed building of today 
has between 55 and 85 per cent of the space between the work 
table and the ceiling of glass. The cantilever construction of the 
Starrett-Lehigh building permits about 95 per cent glass. Such 
construction is cheaper than the old-fashioned heavy construc- 
tion, permits the use of wider buildings and the consequent 
placing of equipment to better advantage, improves ventilation 
and working conditions, and results in more contented personnel. 
A disadvantage, of course, is the additional cost of heating such 
a building. 

Roof. — The first requirement for the roof in the average 
chemical plant is that it should have a high degree of resistance 
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to corroding fumes; and the second, that it should be non- 
condensing, or as nearly so as possible. The problem is again 
the choice of a suitable material to meet the manufacturing 
conditions. A roof for a building in which an explosive process 
is carried out should be light and capable of disintegration upon 
shock. 

The problem may be to resist heat, to give maximum light, 
to exclude the weather, prevent condensation, furnish ventilation 
and fire protection, and to combine any or all of the above with 
as strong and well appearing a roof as possible. Appearances, 
however, rarely enter into a factory design. The steel roofs 
of the train sheds in our larger cities are a good example of 
roofs that combine strength and lightness with unusually good 
appearance. 

Wood shingles or the various tar and gravel-specification roofs 
are easy to erect, cheap and of reasonably long life. In some 
cases, excessive fumes may cause a rapid disintegration of the 
woodwork. In such cases a more resistant roof should be 
installed. Otherwise, however, a wood-and-tar roof is probably 
better for factory purposes than concrete or steel, as its thermal 
conductivity is lower, thus improving working conditions, reduc- 
ing condensation and lowering the heating costs. 

Slate is noncorrodible, quickly laid and unusually durable. 
It is, however, somewhat expensive for factories and is also 
subject to heavy condensation. The same objections can be 
applied to a tile roof. Scaffolding is necessary for installation, 
and repairs are hard to make. 

Tin, copper^ lead^ aluminum and zinc roofs are long-lived. 
They are, however, expensive and subject to corrosion in specific 
cases and are, therefore, not generally applicable to chemical 
plants. 

Concrete^ either in the monolithic form or as precast slabs, 
makes an unusually good roof. It is not so subject to corrosion 
as most other types and is fireproof. The objections of higher 
installation cost, excessive condensation and greater weight 
per unit of thickness may be enough to swing the decision in 
favor of some of the other types. 

Corrugated iron is especially suited for buildings of a temporary 
character but has nothing to recommend it for permanency. 
An improvement results when the corrugated iron is covered with 
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a heavy tar paint and in some cases asphalt and asbestos. Such 
a roof is cheap, lasting, easily erected, quite resistant and largely 
self-supporting. Only a light steel framework is required. 

An unusually durable and fireproof roof is obtained by the use 
of asbestos and concrete corrugated boards which can be installed 
with the ease of sheet iron. Such a roof does not need paint, 
will not rot and is practically permanent. This material can 
also be obtained in the form of flat shingles which can be placed 
over an old shingle roof. Thus an actual advantage is obtained 
by securing a roof which is thicker than usual, better insulated, 
and therefore noncondensing. 

Gypsum roofs arc much lighter in weight per unit thickness 
than any other material, are fireproof, easy to install and the 
least condensing roof obtainable. Such a roof can be obtained 
in precast slabs or laid as a monolithic roof. Chemically, gypsum 
is more inert than most roofing materials and is, therefore, 
suitable for chemical plant construction. Such a roof is also an 
excellent light reflector and makes a better appearing interior 
than most other roofs. 

The perfect adhesion of built-up roofing felts and insulation 
to the steel-deck type of roof, on which sii(‘h coverings are often 
installed, enables the roofer to mak(‘ a positive guarantee of roof 
service. Roofing felts do not fracture when laid on insulated 
steel roof decks, as is the case with roof decks that expand and 
contract during temperature changes. When built-up roofing 
is applied to concrete roof slabs and gypsum roof slabs, a priming 
coat before the laying of built-up roofing is required to ensure a 
good bond, whereas wood roof decks require the nailing of built-up 
roofing to ensure bond. 

Loads on Roofs. — There are two types of load on roofs which 
must be taken into consideration in a chemical building: (1) 
dead load, consisting of structural load, such as roof surface, 
trusses and purlins; and (2) live load, consisting of snow and wind 
load. The design of roofs, columns and foundations is the task 
of the architect, and to him the chemical engineer must go to 
obtain the correct design for the building. However, oftentimes 
the chemical engineer is interested in rough estimates on roof 
loads when some situation arises where an architect cannot 
be consulted and a shelter of some type must be provided. 
Especially is it essential to the chemical engineer to be able to 
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answer a question on additional loads on structures should 
replacement or new construction be considered in an old struc- 
ture. Table 18 contains dead-load data for roofs, excluding 
steel-truss work. 


Table 18. — Weight per Square Foot of Roof Surface^ 


Material 


Common shingles 

Slate shingles, K-in 

Plain tile shingles 

Copper sheet 

Tin sheet 

Corrugated iron, gal-| ^4 

vanized or painted! 

^ ( 22 gage 


Pounds 

Material 

Pounds 

2.5 

5-ply felt and gravel 

6.0 

9.6 

4-ply felt and gravel 

5.5 

11.0 

3-ply ready roofing 

1.0 

1.5 

Skylights, glass 

5.0 

1.0 

Wooden sheathing, 1 -in. . . . 

3.5 

1.0 

Rafters, 2- by 4-in., span 


1.3 

16-20 ft 

1.5 

1.6 

Rafters, 2 - by 6 -in., span 



16-20 ft 

1.8 


Rafters, 2 - by 8 -in., span 



16-20 ft 

2.5 


Purlins, span 16-20 ft 

2.5 


‘ Kiddkr, F. E., and H. Parker, “Architects’ and Builders’ Handbook," 18th ed., 
pp. 1394 -11105, John Wiley & Sons, Inc., New York, 1931. 


For live loads, consideration must be given to wind and snow, 
calculated on the vertical. Simplified data for estimating these 
live loads appear in Table 19. Additional data on weather 
conditions, including direction and intensity of winds, are 

Table 19. — Combined Wind and Snow Loads in United States^ 
(In pounds per square foot of roof) 


Slope of roof 


Section of United States 

60 

deg. 

45 

deg. 

30 

deg. 

20 

deg. 

Flat 

Southern and Pacific coast 

28 

26 

24 

20 

30 

Central and Western states 

28 

26 

24 

30 

35 

Northwestern and New England states 

1 28 

26 

24 

35 

40 


I Kidder, F. E., and H. Barker, “Architects’ and Builders’ Handbook,’* 18th ed., 
p. 1399, John Wiley & Sons, Inc., New York, 1931. 


compiled by Hillen, in Perry’s “Chemical Engineers’ Handbook,” 
pp. 1109-1111. 

Design of Standard Buildings. — Designing a building is not 
necessarily a function of the chemical engineer in plant design; 
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d 

Fig. 33. — Types of standardized single-story buildings, o. Truscon type B. 
h, Truscon type 3-M. c. Austin monitor type, rigid-frame construction, d. 
Austin sawtooth, '*whaleback'’ rigid-frame constrnction. 
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more often he finds available for his use buildings of standard 
design, so that all he needs to do is to indicate his needs to the 
manufacturers of such buildings. Figures 33 and 34 show 
several of the available types of standardized buildings. 

The constructed units that make up standardized buildings 
are so designed that in many cases they are interchangeable, 
and in most cases are flexible in their applicability. As a result 
of this feature it is possible to use a number of standard pre- 
fabricated trusses, singly or in combination, together with 
framing members, roofing, and siding panels to give any desired 
cross section. The building may be extended in length, usually 
in multiples of 2 ft., to cover any area. Furthermore, various 
heights may be achieved in the same building so that, for example, 
one section can be of low single-story design and an adjacent 
part of high single- or multistory type to provide for equipment 
on several levels.^ 

Equipment and building departments of industrial building 
manufacturers are often in a position to supply equipment for 
the following services, or at least to provide plans and assist in 
installation: 

1. Heating systems, both direct and indirect, with boiler plants and all 
necessary mechanical equipment. 

2. Ventilating and air-conditioning systems. 

3. Complete modern electric lighting systems, designed and installed by 
engineers who are familiar with the different lighting intensities best suited 
for every industry. 

4. Installation of complete power wiring systems for all electrically 
driven machines. 

5. Complete installations of sanitary plumbing and systems for sanitary 
drainage, storm-water drainage, waste disposal and water supply. 

6. Sprinkler systems with storage tanks, towers, etc. 

7. Complete steam-power plants for generating electricity or for pro- 
ducing process steam, or both. , 

8. High- and low-pressure steam, water, gas, air and all other kinds of 
process piping. 

9. Elevators for passengers and freight. 

10. Installation of machine foundations and machinery; overhead systems 
for shafting and crane supports, with cranes mechanically or manually 
operated. 

11. Conveying equipment for handling all types of products in the plant. 

* Prefabricated and Standard Plant Buildings, Chem, Met^ Eng.y 48 , 5 — 102 
(1941). 
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Selection of Building Type. — The selection of the type of 
building is influenced by many factors, including the use, size, 
cost, life, maintenance, insurance, alterations, environment, cli- 
mate, hazards, floor loads, price of products, adjoining plants, 
cubical contents desired, flow chart of process and expansion. 
Several of these factors are controlled by the product for which 
the building is to be used, and it is therefore of little value to 
discuss the advantages of one type of construction over another 
until something is known of the process to be carried out in the 
building. The intelligent* and careful selection of the construc- 



tion materials used will result in an economical solution in each 
specific case. The choice of materials used in various types of 
chemical plants is immediately reflected in the maintenance cost 
of the building and ultimately in the general overhead charged 
against the product manufactured. Obviously, the layout of 
the process will be given first consideration in the design of the 
building and will dictate whether a multiple- or a single-story 
building will be used. 

As a supporting structure for the building it will be necessary 
to have a secure foundation, by the use of concrete, rubble, 
masonry or brick. In some cases the ground conditions may 
even make piling necessary or a combination of piling and con- 
crete slabs. These piles may be of wood, concrete or a combina- 
tion with steel shell. 



THE BUILDING 


111 


Selection of Building Equipment. — After the building has 

been selected, it is necessary to give consideration to the choice 
of layout and equipment for building services, including per- 
sonnel facilities,^ fire protection and other safety measures, 
illumination, ventilation and heating. 

Safety Measures. — Safety requirements in industrial plants 
should be determined.from the safety codes of the various engi- 
neering societies, and of insurance and protective associations. 
A brief review of safety measures is given by Miner, Miller and 
Tilden.2 

Fire Protection. — Adequate fire-protection engineering con- 
cerns every business executive and every public official. The 
increasing losses year after year resulting from destructive fires 
make prevention and protection a pertinent subject. Fortu- 
nately, architects, engineers, insurance underwriters and manage- 
ments realize the importance of the problem and are seeking 
constantly to employ the most modern protective devices to 
reduce risks and eliminate fire hazards.^ It is literally true that 
every unprotected risk is paying for a fire pump or sprinkler 
installation. The underwriters^ rates are based on perfect 
protection, and the lack of sprinklers, fire pumps or other pro- 
tective equipment penalizes the risk and subjects it to a higher 
rate. Savings in insurance premiums, varying from 60 to 85 
per cent, usually accrue from approved installations and on that 
basis will soon repay the original investment, assuring a net 
profit thereafter. Centrifugal fire pumps are used as a source of 
water supply for automatic sprinkler, standpipe, or hydrant 
fire-protection systems. They are also employed as booster 
pumps in areas of low city-water pressure, or in installations 
where a gravity water-supply tank cannot be used. 

The automatic sprinkler consists of a water-distribution system, 
available to all parts of the plant, which automatically opens 
a jet at the point of fire when the application of heat to a fusible 
link or joint sets off or trips the stop in the sprinkler. These 
systems may be cither the wet-pipe or dry-pipe type. In 
the wet-pipe system, water is constantly in the pipes up to the 

1 Maynard, F. W., Chem. Met. Eng., 48 , 5—108 (1941). 

'Perry, J. H., “Chemical Engineers^ Handbook,’’ Sec. 28. 

* Oakhill, F., Plant Fire Protection Data Sheet, Factory Management and 
Maintenance, 96, 109 (1937). 
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sprinkler heads. Where temperatures below freezing exist, the 
dry-pipe system is used, wherein air under pressure fills the pipes 
in the buildings and any release of the pressure automatically 
opens an underground or protected valve. There is some lag 
in the dry-pipe system on account of the necessity for the water 
to force out the air before it can be applied to the fire. This 
often results in the fire gaining costly headways. The supply 
of water may come from a primary storage tank and a secondary 
service main, or from a secondary source such as a pump which 
automatically cuts in when the water demands increase owing 
to fire. Fire pails are very efficient means of fighting fires 
because they check a fire at the start. They should be well 
distributed, well filled with either water or sand, and periodically 
inspected. Fire extinguishers are useful in extinguishing small 
fires and are of four varieties, including those containing sodium 
carbonate solution and an acid bottle; those using solutions of 
aluminum sulfate and sodium carbonate (Foamite); those filled 
with carbon tetrachloride; and the relatively new type containing 
liquefied carbon dioxide under pressure. With fires of oil and 
volatile inflammable liquids the last three may be used; with 
electrical fires, the last two. Table 20 classifies the five types 
of extinguishers most commonly used in chemical plants. 

A compUation of a large number of chemicals according to 
flash and fire points and explosive limits as compiled by the 
National Fire Protection Association appears in Table 21. 

Piping and Hose for Fire Protection. — Fire hydrants and 
fire-protection equipment should be placed at strategic points in 
a plant. The hose should be reeled or hung at a convenient 
height on some form of easily unreeled or unhooked hanger, 
permanently attached to a pipe line. The company in which 
the plant is insured determines the usual specifications for inside 
service such as the hose valves, the racks, and the requisite 
quantity and size of hose coupled with nozzles, either for the 
pump room, for service inside the building, or for outside service; 
in the last case the underwriters require a hose house, complete 
with hose. 

For public buildings, standard practice calls for a 2J^-in. 
valve for use of the local fire department, and either an auxiliary 
l3^-in. valve or a reducing coupling (as may be required by the 
municipal code), IJ^-in. hose to be attached to the valve. 



Table 20. — Characteristics of Fire Extinguishers 
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Tablk 21. — Firb-hazaro Properties of Certain Flammable Liquids, 

Gases and Solids 

Based on Data Compiled by Committee on Flammable Liquids of the National Fire Pro- 
tection Association'*' 


Material 

Flash 

point, 

"F. 

Ignition 

tempera- 

ture, 

“F. 

Explosive limits 
per cent in air 

Vapor 

den- 

sity 

Lower 

Upper 

Acetaldehyde 

-17 

365-716 

4 

57 

1.62 

Acetic acid 

104-115 

932 



2.07 

Acetic acid (glacial) 

107-111 

800-925 

4 


2.07 

Acetic anhydride 

110-141 

600-675 



3.52 

Acetone 

-4-36 

932-1292 

2-3 

9-13 

2.00 

Acetyl chloride 

40 




2.71 

Acetylene 

Gas 

763-959 

2.5-32 

52 . 2-82 

0 90 

Allyl alcohol 

70-72 

713 

2. 4-3.0 


2.00 

Aluminum paint 

0-70 





Ammonia (anhydrous) 

Gas 

1204 

16-16. 1 

25-27 

0.59 

Amyl acetate* 

70-92 

710-815 

1.1 


4.49 

Amyl alcohol* 

92-130 

660-768 

1.2-1.48 


3.04 

Aniline 

79-183 

987-1418 



3.22 

Anthracene 

4,50 

881 in Oi 



1.15 

Asphalt 

400 





Benzaldehyde 

144-148 

3.56-.377 



3.66 

Benzine 

<0-5 

475 

1 . 1-2 . 6 

4 . 8-5 . 9 

4.48 

Benzoic acid 

250-268 




4.21 

Benzol* 

-17-50 

932-1364 

1.4-3 

4.7-8 

2.77 

Benzyl acetate 

216 




5.17 

Benzyl alcohol. 

212 

817 



3.72 

Benzyl chloride 

140 




4.36 

Blast furnace gas 

Gas 


35 

74 


Bromobenzine 

149 




5.41 

Bronzing liquid 

80 





Butane 

Gas 

805-1058 

1.5-1. 9 

5.7-8. 5 

1.95 

Butyl acetate 

66-88 

700-860 

1.7-1 .9 


4.00 

Butyl alcohol* 

73-111 

637-842 

1.7 

18.0 

2.65 

Butyl cellosolve 

140-165 




4.07 

Butylene 

Gas 


1.7 

9.0 

1.94 

Butyl ether — n 

100 




4.48 

Butyl lactate 

160 




6.04 

Butyraldehyde 

<20-64 




2.48 

Butyric acid 

170 




3.04 

Butyric anhydride 

190 




5.38 

Camphor 

125-180 


0.61 

S.'O 

5.24 

Carbitol 

210 




4.62 

Carbitol acetate 

225 




6.07 

Carbon disulphide** 

-40-4 

212-338 

1. 0-4.1 

50 

2.64 


♦ Chem. Met. Eng., 41 1 31 (1940). Table from which these data were taken should be 
consulted for references to original literature sources. 

Underwriters’ Laboratories' Classification is standard for grading relative hazards of 
various flammable liquids. It is based upon the following scale; ether 100, gasoline 90-100. 
alcohol (ethyl) 60-70, kerosene 30-40, paraffin oil 10-20. *30-40, *40, *40-60, <55-60, 

»60-70, •70, *75, »75-80. *96-100, »n00, “110. 
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Table 21 . — Fire-hazard Properties op Certain Flammable Liquids, 
Gases and Solids. — {Continued) 


Material 

Flash 

point, 

•F. 

■ 

Explosive limits 
per cent in air 

Vapor 

den- 

sity 

Lower 

Upper 

Ethylene diamine (anhydrou.s) 

93 

^9 



2.07 

Ethylene dichloride® 

57-70 


6 

16 

3.42 

Ethylene glycol 

232-241 

775-781 

3.2 


2.14 

Ethyl ether 

1 

f 

A 

O 

356-649 

1-3 

5.2-48 

2.56 

Ethyl glycol 

104 




3.10 

Ethyl lactate 

11&-117 




4.41 

Ethyl methyl ether 

-35 

374 

2 

10.1 

2.07 

Ethyl methyl ketone 

30 


1.97-2.0 

10.2-12 

2.41 

Ethyl nitrate 

50 


3.8 


3.14 

Ethyl nitrite 

-31 

194 

3 

50 

2.59 

Ethyl propionate 

54-60 




3.52 

Fish oil 

150-420 





Flavoring extracts 

<80 





Formaldehyde 

90 




1.03 

Fuel oil 

95-150 





Furfural 

132-151 

[600-675 

2 


3.31 

Gas oil 

175-230 

637 




Gasoline* 

-45-20 

500-570 

1.3-1. 4 

0 

3-4 

Glycerin 

349-350 

650-932 



3.17 

Heptane 

25-03 

452-545 

0.95-1.1 

3.6-6 

3.45 

Hexahydrotoluol 

25 




3.38 

Hexane 

-24-0 

479-909 

1. 1-1.3 

4.2-6 

2.97 

Hexone 

74 




3.45 

Hydrocyanic acid 



5.0-12.75 

27-40 

0.9 

Hydrogen 

Gas 

986-1143 

4 . 1-9 . 5 

06.5-80 

0.069 

Hydrogen sulfide 

Gas 

482-534 

4. 3-4. 5 

45.5-46 

1.17 

Hydroquinone 

329 




3.81 

Illuminating gas 

Gas 

1094 

5-7 

21-31 


Keroeene* 

81-140 

482-563 

1. 1-1.2 

6. 0-7.0 

4-8 

Lacquer 

0-80 





Lanolin 

460 





Lard oil 

398-600 

650-750 




Lead tetramethyl 



1.80 


9.22 

Linseed oil 

378-662 

650-750 




liquid metal polish 

<80 





Lubricating oil 

392-608 





Methane ' 

Gas 

999-1452 

4.9-6. 2 

12.7-16 

0.65 

Methyl acetate i 

3-40 

850-953 

4.1 

13.9-14 

2.56 

Methyl acetoacetate 

180 




4.00 

Methyl alcohol 

30-90 

800-900 

6-7.8 

18-36.5 

1.11 

Methyl amyl alcohol 

. 114 




3.52 

Methyl bromide 


999 

13.5 

14.5 

3.27 

Methyl cellosolve 

105-107 

551 



2.62 

Methyl cellosolve acetate 

132 




4.07 

Methyl chloride 

Gas 

1170 

8-8.8 

17.2-19.7 

1.74 

Methyl cyclohexanone 

118 




4.86 

Methyl eyelohexyl acetate 

147 




5.37 
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Table 21. — Fire-hazard Properties op Certain Flammable Liquids, 
Gases and Solids. — (Continued) 
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Table 21. — Fire-hazard Properties of Certain Flammable Liquids, 
Gases and Solids. — (Continued) 


Material 

Flash 

point, 

‘*F. j 

Ignition 

tempera- 

ture, 

-F. 

Explosive limits 
per cent in air 

Vapor 

den- 

sity 

Lower 

Upper 

Sperm oil 

1 

428-486 

586 


• 


Tin tetramethyl 



1.90 



Toluidine 

185-202 

900-1000 




Toluol* 

35-86 

986-1490 

1. 0-3.0 

6. 0-7.0 

3.14 

Triethanoamine 

355 




5.14 

Tung oil 

552 





Turpentine* 

90-113 

464-489 

0 8 


4.7 

Turpentine substitute 

90-110 

480 

1.2 

6.0 

4 0 

Varnish 

60-130 





Varnish shellac 

40-70 





Vinyl chloride 



4 

22 

2. 15 

Water gas 

Gas 


6-12.5 

5.5-70 


Whale oil 

455-515 





Xylene 

76-122 

900-1150 

1 0-1 2 

5. 3-6.0 

3. 66 


On all hose equipment, 2-in. and smaller, iron pipe thread is 
recommended unless other standards are already installed. This 
thread description is universally used and understood in all 
sections of the country and, since it is interchangeable with pipe 
threads, eniergency and temporary repairs and extensions can 
easily be made with material obtained locally. Each municipal 
fire department has its own standard, although many cities are 
changing over to the proposed American Standard thread. 
Consequently, all 23^-in. hose for factory service should have the 
same thread as used by the city fire department, but in isolated 
plants, where city cooperation in case of fire cannot be expected, 
American Standard is recommended. 

Size of Hose. — For inside protection, with an adequate water 
supply, a 13 ^- or 2-in. hose is recommended. These streams 
can easily be handled by the layman and will give sufficient 
volume of water to hold the average fire in check until the fire 
department arrives. If the supply is limited or is taken from a 
sprinkler-system supply pipe, l)4-in. hose is recommended. 
If the pressure is adequate but the supply pipe is small, a 1-in. 
hose is better than nothing, but %-in. linen hose is worthless. 
For outside protection, for mill-yard service, a 23^ in. hose is 
recommended. A smaller hose will not give an adequate stream. 
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ILLUMINATION 

Good illumination is important in all industrial plants, not 
only as an aid to quality and quantity of production,* but also 
from the standpoint of safety, workers’ comfort and health.* 
Daylight is not dependable. A survey made in Cleveland, Ohio, 
over a period of 29 years, during the 24 hours of the day, showed 
a considerable variation in the hours of sunshine, cloudiness and 
darkness, from month to month. The averages of these data 
are plotted in Fig. 35. 



during 24-hr. period at Cleveland, Ohio. Summary of 29 annual records. {Ind. 
Eng., July, 1927.) 

Every plant needs artificial light, whether or not any night 
work is done. In December, for example, there are on the aver- 
age only 2 hours of sunlight per day. There should, of course, 
be an even working light for all the day. In a plant well lighted 
by daylight above, the illumination on a cloudy day drops from 
40 or 50 ft.-candles to 3 or 4. The changed intensity is noticeable 
in increased spoilage and accidents and in lowered production. 
When the days are short, accidents increase in poorly lighted 

^ Harrison, W., Chem. Met. Eng.y 26, 407 (1921). 

* Chemical Plant Lighting, Chem. Met. Eng.j 47, 25-32 (1940). 
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plants. With good artificial lighting, the winter peak of acci- 
dents is reduced and the average for the whole year is con- 
siderably decreased. It is pointed out that approximately 
15 per cent of all industrial accidents may be traced to poor 
lighting. Improved lighting increases speed and accuracy of 
vision, improves morale, improves supervision, reduces labor 
turnover, provides uniform working conditions throughout the 
day, reduces accidents, improves health and increases production. 

Natural Illumination. — Natural illumination may be obtained 
through the medium of windows in the side walls, in monitors 
or in skylights. Lighting from above is generally better than 
from sidelights; this should be provided for wherever practicable. 
Skylights in the roof may be individual skylights, or they may be 
provided through sawtooth roof construction. Sawtooth con- 
struction permits nearly uniform illumination over the entire 
floor area. When side windows are used, uniform lighting is 
well-nigh impossible; and shades or deflectors are necessary to 
intercept or diffuse the direct rays of the sun. Prismatic glass 
is recommended by the American Standard Lighting Code for the 
upper sash of windows. 

Fundamentals of Good Lighting.^ — The chemical engineer 
should understand the fundamentals of good lighting and other 
economic facts relating to lighting to guide him in the design 
of his assembled plant. 

The six fundamental requirements of a good lighting system 
can be summarized briefly as follows: 

1. A steady light of sufficient intensity on all working planes. 

2. A comparable intensity on adjacent areas and side walls. 

3. Light of a color and spectral character suited to the work. 

4. Freedom from glare and from glaring reflections. 

5. Light diffused and directed so as to eliminate objectionable shadows 
and bad contrasts. 

6. The system must be simple, reliable, easy of maintenance and suitably 
economical in initial and operating cost. 

^ Marks, L. S., Mechanical Engineers' Handbook,** 4th ed. pp. 1692*- 
1713, McGraw-Hill Book Company, Inc., New York, 1930; Adequate 
information and desirable practices are included in the publication, Code 
of Lighting, Factories, Mills and Other Work Places,** U. S. Government 
Printing Office, Washington, D. C., and ** State Requirements for Industrial 
lighting,** U. S. Department of Labor, Women*8 Bureau, Bull, 94, 1932. 
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Lighting Equipment. — ^Lighting fixtures consist of : 

1. Reflectors (dome, bowl, cone, symmetrical angle, elliptical angle, 
socket, shade holder, vaporproof, weathertight, half shades, ceiling fixtures, 
wall fixtures, enclosed fixtures). 

2. Lamp holders (angle and twin sockets, porcelain, socket receptacles, 
cluster bodies, socket extensions, cleat sockets, etc.). 

3. Floodlight projectors. 

4. Lamps. 

6. Cord. 

6. Conduit. 

7. Armored cable. 

8. Switches. 

9. Boxes. 

10. A large number of miscellaneous appliances. 

The specification of this lighting equipment and its installation 
are the functions of the illuminating engineer. 

Emergency Lighting. — Since failure of lighting at a critical 
time, as at the outbreak of a fire, might easily contribute to 
serious loss of life in a factory with many employees, because of 
difficulty in finding exits in a dark, smoke-filled room, a number of 
communities require installation of an independent system for 
emergency lighting. This is an excellent provision in any me- 
dium-sized or large plant. Such a system should have separate 
circuits and be fed from a source separate from that normally 
supplying the lighting. If the plant has its own powerhouse, 
the emergency lighting should be fed from a central station or 
other external source. If the plant uses central-station power, 
a separate service should furnish the emergency lighting. This 
lighting should include all exit and stairway lights and enough 
special lights on each large floor to permit finding the way to 
the nearest exit. 

Floodlighting. — Floodlighting is resorted to for dangerous 
places or where large areas are to be lighted, wherein moving 
objects constitute a danger to life or limb. The use of the 
Cooper-Hewitt mercury-vapor lamp is desirable in those plants 
where eyestrain is great. 

Illumination Requirements. — In laying out the lighting cir- 
cuits, the illumination requirements of the different rooms must 
first be known. These depend on the kind of work done, the 
size and light-absorbing conditions of the room and the nature 
of the lighting equipment selected. On account of the variables. 
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the power consumption for lighting ranges from 0.5 to 2.5 watts 
per square foot in different departments of different plants. For 
any chosen lighting intensity and related conditions, it is possible 
to find the corresponding unit watt consumption. Assume it to 
be 1.2 watts per square foot. The floor area in square feet 
multiplied by 1.2 will then give the total wattage to be provided 
for the room in question. Not more than 660 watts is allowed 
on ordinary lighting circuits. From these facts it is possible 
to lay out the requisite circuit, the arrangement of which in a 


Circuits I Lighf lines for branch ; heavy for feeders 
\ Run concealed under floor above — 

\ Run concealed under floor — 

'.Exposed 


I Ceiling 

rx 

Panels I Lighting 

□ 

\ E xfension 


\ Heating 


\ Drop cord 


\ Power 

a 

• Fan 

oo 

Swi’+ch : PuH 


'.Floor • 


\ Single pole 

S. 

.* Recepfade 

% 

\ Double pole 

s. 

.* Wall'. Single 

^=M0 

Junc+ion Box 

© 

1 Double 

1=02 

Motor 


i Bracket 

Ha 

Meter 

0 

'.Recepfade 

Transformer 



(Size of lamps indicated by numerals in ouHet symbols) 
Fig. 36. — Electrical symbols. 


large room should usually permit switching on the lamps in rows 
parallel to the windows, so that those farthest from the windows 
may be turned on first. Symbols to use in design for electrical 
equipment are given in Fig. 36. 

A compilation of illumination requirements including glare 
classification, limitation of light-source glare, mounting heights 
of lighting units, room index for narrow and average rooms for 
direct and indirect lighting, guide to the selection of reflecting 
equipment and coefficients of utilization, lumen output of 
multiple Mazda lamps and other general information is presented 
by Warner and MacNamara.^ 


^ PbrrvJ. H., “Chemical Engineers^ Handbook, “ pp. 2691-2697. 
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Illumination in Chemical Plant Design. — The design of a 
chemical plant calls for proper lighting at strategic points near 
equipment, where physical and chemical hazards exist, as well 
as at localized points where lights are needed to enable the 
operator to make observations and adjust controls more accu- 
rately. The spotting of the outlets or location of desired points 
of illumination cannot be entrusted entirely to the illuminating 
engineer. Rather, the chemical engineer must assist him, 
indicating where the greatest need for illumination exists, by 
reason of operating needs. Each chemical engineering plant 
is a specialized case and needs specialized treatment. 

Details of location for conduits, complete code specifications 
and other such details are the responsibility of the illuminating 
engineer. Types of switches, outlets, lights and reflectors are 
chosen by him only after consultation with the chemical engineer 
relative to the health, mechanical, chemical and fire hazards inci- 
dental to the processing. 

The design of a complete factory-illumination layout for a 
chemical plant is not a difficult task with standard factory 
electrical equipment. Pamphlets issued by manufacturers 
of electrical equipment, containing specifications, details, codes 
and quotations, are available and serve as excellent guides to 
the designing chemical engineer. Conventional symbols (see 
Fig. 36) for indicating various pieces of electrical equipment 
should be used in all sketches submitted to the illuminating 
engineer by the chemical engineer to convey to the former the 
requirements for the chemical plant. 

Specific Illumination Requirements. — In chemical plants, 
where usually 24-hr. processing is the rule, the need for artificial 
light becomes apparent. Table 22 gives the illumination require- 
ments for a large number of chemical engineering plants and 
operations. 

Operating Costs. — Operating lighting expense includes cost 
of electricity and of lamp replacements. Most lighting installa- 
tions range in operating time from 0 hr. in June to 8 hr. per 
day in December, averaging 4 hr. per day for the year. Some 
installations operate 8 hr. per day for the year. Some installa- 
tions operate 8 hr. per day per shift for the entire year, while 
the average time of burning per month consists of 25 days. 
Ascertain the lighting rate for electricity; multiply the kilowatt 



124 


CHEMICAL ENGINEERING PLANT DESIGN 


Table 22. — Recommended Standards of Illumination for Industrial 

Interiors^ 

(These values represent order of magnitude rather than exact levels) 


Foot- 

candles 

Aisles, stairways, passageways . . 2 

Assembly : 

Rough 10 

Medium 20 

Fine* 50-100 


Extra fine* 100 or more 

Automobile manufacturing: 

Assembly line* 50-100 

Frame assembly 15 

Body manufacturing: 

Assembly 20 

Finishing and inspecting . . . 

100 or more 


Bakeries 20 

Book binding: 

Folding, assembling, pasting, 

etc 10 

Cutting, punching and stitching 20 

Embossing 20 

Breweries: 

Brew house 5 

Boiling, keg washing and filling 10 

Bottling 15 

Candymaking 20 

Canning and preserving 20 

Chemical works: 

Hand furnaces, boiling tanks, 
stationary driers, stationary 
and gravity crystallizers. 


mechanical furnaces, gener- 


ators, stills 5 

Mechanical driers, evapora- 
tors, filtration, mechanical 

crystallizers, bleaching 10 

Tanks for cooking, extractors, 
percolators, nitrators, elec- 
trolytic cells 15 

Clay products and cements: 
Grinding, filter presses, kiln 

rooms 5 

Molding, pressing, cleaning 

and trimming 10 

Enameling 15 

Color and glazing 20 


- Foot- 
candles 

Cloth products: 

Cutting, inspecting, sewing: 

Light goods 20 

Dark goods* 100 or more 

Pressing, cloth treating (oil- 
cloth, etc.): 

Light goods 10 

Dark goods 20 

Coal: 

Breaking, washing and screen- 
ing : 5 

Construction — indoor : 

General 10 

Dairy products 20 

Elevators : 

Freight and passenger 10 

P^ngraving* 100 or more 

P'orge shops and welding 10 

Foundries: 

Charging floor, tumbling, 
cleaning, pouring and shak- 
ing out 5 

Rough molding and coremak- 
ing 10 

Fine molding and coreraaking . 20 

Garages — automobile : 

Storage — ^live 10 

Dead 2 

Repair department and wash- 
ing* 30-50 

Glassworks: 

Mix and furnace rooms, press- 
ing and lehr, glass blowing 

machines 10 

Grinding, cutting glass to size, 

silvering 20 

Fine grinding, polishing, bevel- 
ing, etching and decorat- 
ing* 30-50 

Inspection* 50-100 

Glove manufacturing: 

Light goods: 

Cutting, pressing, knitting, 
sorting 10 
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Table 22. — Recommended Standards op Illumination fob Industrial 
Interiors. ^ — (Continued) 


Foot- 

candles 

Stitching, trimming and in- 
specting 20 

Dark goods; 

Cutting, pressing, knitting, 

. sorting 20 

Stitching, trimming and in- 
specting* 100 or more 

Hangars — airplane : 

Storage — live 10 

Repair department* 30-50 

Hat manufacturing; 

Dyeing, stiffening, braiding, 
cleaning and refining: 

Light 10 

Dark 20 

Forming, sizing, pouncing, 
flanging, finishing and 
ironing: 

Light 15 

Dark 30 

Sewing: 

Light 20 

Dark* 100 or more 

Ice making — engine and com- 
pressor room 10 

Inspection: 

Rough* 10 

Medium* ^ 20 

Fine* * 50-100 

Extra fine* 100 or more 

Jewelry and watch manufactur- 
ing 100 or more 

Laundries and dry cleaning 20 

Leather manufacturing: 

Vats 5 

Cleaning, tanning and stretch- 
ing 10 

Cutting, fleshing and stuff- 
ing 15 

Finishing and scarfing 20 

Leather working: 

Pressing, winding and glazing: 

Light 10 

Dark 20 


Foot- 

candles 

Grading, matching, cutting, 
scarfing, sewing: 

Light 20 

Dark* 100 or more 

Locker rooms 5 

Machine shops: 

Rough bench and machine 

work 10 

Medium bench and machine 
work, ordinary automatic 
machines, rough grinding, 
medium buffing and polish- 
ing 20 

Fine bench and machine work, 
fine automatic machines, 
medium grinding, fine buff- 
ing and polishing* 50-100 

Extra fine bench and machine 
work, grinding — fine work* 

100 or more 

Meat packing: 

Slaughtering 10 

Cleaning, cutting, cooking, 
grinding, canning, packing. 20 
Milling — grain foods: 

Cleaning, grinding and roll- 


ing 10 

Baking or roasting 20 

Flour grading 30 

Offices: 

Private and general: 

No close work 10 

Close work 20 

Drafting rooms 30 

Packing and boxing 10 

Paint manufacturing 10 

Paint shops: 

Dipping, spraying, firing 10 

Rubbing, ordinary hand paint- 
ing and finishing 20 

Fine hand painting and finish- 
ing* 50-100 

Extra fine hand painting and 
finishing (automobile bodies, 


piano cases, etc,)*. . 100 or more 
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Table 22. — Recommended Standards of Illumination for Industrial 


Interiors.'- 

Foot- 

candles 


Paper box manufacturing: 

Light 10 

Dark 20 

Storage and stock 5 

Paper manufacturing: 

Beaters, grinding, calendering . 10 
Finishing, cutting, trimming. . 20 

Plating 10 

Polishing and burnishing 15 


Power plants, engine rooms, 
boilers: 

Boilers, coal and ash handling, 

storage battery rooms 5 

Auxiliary equipment, oil 
switches and transformers . . 10 
Switchboards, engines, gener- 
ators, blowers, compressors. 15 
Printing industries: 

Mitrixing and casting 10 

Miscellaneous machines 15 

Presses and electrotyping .... 20 

Lithographing^ 50-100 

Linotype, monotype, typeset- 
ting, imposing stone, en- 
graving* 50-100 

Proofreading* 100 or more 

Receiving and shipping 10 

Rubber manufacturing and prod- 
ucts: 

Calenders, compounding mills, 
fabric preparation, stock 
cutting, tubing machines, 
solid tire operations, me- 
chanical goods building, vul- 
canizing 10 

Bead building, pneumatic tire 
building and finishing, inner 
tube operation, mechanical 
goods trimming, treading . . 20 
Sheet metal works: 

Miscellaneous machines, ordi- 
nary benchwork 15 


(Continued) 

Foot- 

candles 

Punches, presses, shears, 
stamps, welders, spinning, 

medium benchwork 20 

Tin plate inspection* 30-50 

Shoe manufacturing: 

Hand turning, miscellaneous 
bench and machine work . . 10 
Inspecting and sorting raw 
material, cutting and 
stitching: 

Light 20 

Dark* 100 or more 

Lasting and welting 20 

Soap manufacturing: 

Kettle houses, cutting, soap 

chip and powder 10 

Stamping, wrapping and pack- 
ing, filling and packing soap 

powder 20 

Steel and iron mills, bar, sheet 
and wire products: 

Soaking pits and reheating 


furnaces 5 

Charging and casting floors. . 10 
Muck and heavy rolling, shear- 
ing, rough by gage, pick- 
ling and cleaning 10 


Plate inspection and chipping* 

30-50 


Automatic machines, light and 
cold rolling, wire drawing, 

shearing, fine by line 15 

Stone crushing and screening: 

Belt conveyor tubes 5 

Main line shafting spaces, 
chute rooms, inside of bins . . 5 

Primary breaker room, aux- 
iliary breakers under bins . . 5 

Screens 10 

Storage battery manufacturing: 
Molding of grids 10 
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Table 22. — Recommended Standards op Illumination for Industrial 
Interiors. ^ — (Continued) 


Foot- 

candles 

Store and stock rooms: 

Rough bulky material 2 

Medium or fine material re- 
quiring care 10 

Structural steel fabrication 10 

Sugar grading 30 

Testing: 

Rough 10 

Fine 20 

Extra fine instruments, scales, 

etc. 2 100 or more 

Textile mills: 

Cotton : 

Opening and lapping, card- 
ing, drawing, roving, dye- 
ing 

Spooling, spinning, drawing- 
in, warping, weaving, 
quilling, inspecting, knit- 
ting, slashing (over beam 
end) 20 

Silk: 

Winding, throwing, dyeing. 15 
Quilling, warping, weaving. 


finishing : 

Light goods 15 

Dark goods 30 


Foot- 

candles 


Woolen: 

Carding, picking, washing, 

combing 10 

Twisting, dyeing 10 

Drawing-in, warping: 

Light goods 15 

Dark goods 30 

Weaving: 

Light goods 15 

Dark goods 30 

Knitting machines 20 

Tobacco products: 

Drying, stripping, general. ... 10 
Grading and sorting^. 100 or more 

Toilet and washrooms 5 

Upholstering: 

Automobile, coach, furniture . . 20 

Warehouses 5 

Woodworking: 

Rough sawing and bench work 10 


Sizing, planing, rough sanding, 
medium machine and bench- 
work, gluing, veneering, 

cooperage 20 

Fine bench and machine work, 
fine sanding and finishing. . 30 


1 Plant Operation Library, Factory Management and Maintenance^ 94 , 301 (1936). 

2 Illumination of this order may in some instances be provided from a general lighting 
system. In other cases it will be found more economical to provide a combination of general 
plus supplementary lighting. Direction of light, diffusion, eye protection, study of direct 
and reflected glare, as well as elimination of objectionable shadows are all vitally important 
and must be considered. 


connected load, by burning hours per month, by rate per kilowatt- 
hour, to obtain the average cost of electricity per month. The 
average burning hours of a lamp are 1,000. Multiply the total 
cost of lamps by the average hours per month, divided by 1,000, 
to get cost of lamp replacements per month. 

Painting. — Paint is considered as part of the fundamental 
design of plgnt illumination. Painted surfaces are essential 
aids in reflecting light, the reflection depending chiefly on the 
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Table 23. — Light Reflective Value of Colored Paints' 


Color 

Per cent light 
reflected 

Color 

Per cent light 
reflected 

White 

82-89 

Light wood (tan) 

42-49 


73-78 

Gray 

36-61 


62-80 

Light blue 

Z4r-61 


61-75 

Pink 

30-46 

Aluminum 

65 

Dark tan 

17-63 

Light green 

Yellow 

40-66 

48-75 

Brown wood 

Dark red 

17-29 

13-30 

Dark green 

11-25 



1 Gardner, H. A., Factory Manayement and Maintenance, 92, 104 (1934). 


ceiling and upper part of the walls. Gardner has given light 
reflective values of colored paints, as shown in Table 23. 

VENTILATION AND HEATING 

Ventilation. — Ventilation may be defined as the process of 
causing fresh air to circulate through the space to be ventilated, 
replacing simultaneously the foul air removed. Any ventilation 
system, to be successful in its purpose, must, therefore, maintain 
certain predetermined quantitative standards of air movement 
within the space to be ventilated. It must also be capable of 
removing stale air, odors, fumes, dust, smoke and vapors from all 
parts of the ventilated area. In addition, it must take into 
account temperature and humidity. The need for such removal 
is highly urgent in chemical industrial plants. Wherever human 
beings live or labor indoors, there is a positive need for ventilation 
as a protection to health and an assurance of alertness. (See 
Marks’ “Mechanical Engineers’ Handbook,” pp. 1636-1679, 
4th ed.) 

A continuous supply of pure air is no doubt of greater impor- 
tance from the standpoint of maintenance of health than it is 
from the standpoint of prevention of accidents, but the two 
are related. Whatever lowers the vitality of the workman 
decreases his alertness and watchfulness in avoiding accidents. 
Impure air, gases, vapors, dust and smoke, therefore, all increase 
the chance of accident, in addition to imperiling the health of 
the workmen. Many states have codes governing ventilation 
of certain industries, and these codes must be complied with 
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before operations are permitted. Some cities have adopted 
additional codes. 

Ventilation Systems. — There are two types of ventilating 
systems, the systematic and nonsystematic. The systematic 
is the controllable kind and the only one recommended for 
chemical plants, when climatization is important. Ventilation 
can be accomplished most effectively and positively in industrial 
plants by roof ventilators or by suction- or pressure-duct systems 
for withdrawal or forcement of air into the building. 

Air Purification and Temperature and Humidity Control. — Air 
in many chemical plants must be washed to give it the desired 
standard of purity; in addition, conditions of operation may 
require a close control of temperature and humidity. Humidifi- 
cation, i.e,, the addition of moisture, is accomplished in a device 
known as an air washer or humidifier, consisting of spray nozzles 
through which water is projected to wash the air, the water being 
heated to the temperature necessary to give the air the desired 
moisture content. Dehumidification is accomplished by cooling 
the air by mechanical refrigeration, by refrigerated spray water 
in air washers, or by natural cooling water in coils. The Cooling 
Tower Company, the Carrier Engineering Company and other 
manufacturers publish considerable data on air-purification and 
temperature- and humidity-control apparatus. Complete air 
conditioning, according to the American Society of Heating and 
Ventilating Engineers, consists of (1) control of temperature, 
humidity, rate of air flow and direction of air flow; and (2) 
removal of impurities. (See Marks^ ^‘Mechanical Engineers’ 
Handbook,” pp. 1680-1692, 4th ed.) 

Dust and fume removal are quite common problems in the 
chemical industries. Fume ducts, flues, fans and ventilators 
usually require special protective coatings or must be constructed 
of special metals to resist the chemical fumes handled. 

Air Requirements. — Experiments by ventilation engineers 
over a number of years have determined the approximate air 
changes necessary each hour in average rooms and buildings, 
if effective ventilation is to be secured. It has been proved 
that approximately 2,700 cu. ft. of fresh air is required by the 
average person each hour, and scores of ventilation specifications 
have been based on that estimate. Still, the use of this factor 
as a uniform basis is dangerous for it does not take into account 
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the devitalization of air by machinery and manufacturing 
processes. 

Smoke, fumes and vapors caused by engines, furnaces, vats 
or any other manufacturings processes render useless a great 
portion of the fresh air brought in. Still more air is expended 
in forcing these elements out of the building. While each 
ventilation setup usually involves special problems necessitating 
individual consideration, it has been found that under many 


Table 24. — Recommended Air Changes^ 



Exhaust 

Building 

Cubic feet per 
minute per 
occupant 

Minimum number 
of air changes 
per hour 

Assembly and convention halls 

30 

8 

Boiler rooms 

10 

Churches 

20 

8 

Cont^gloiia-disease hospitals 

80-100 

^Engine rooms 

8-10 

Factories 

20-30 

4 

Foundries 

4 

Carages 


12 

T ifibor atories 


8 

Kitchens 


10 

Pump rooms 


4-6 

Machine shops 


4-6 

Paper mills 


10-20 

Dye houses 


10-20 

Paint shops 


10-15 

Hospitals 

70-80 

Laundries 

10 

Libraries 


6 

Mill buildings 

20-30 

4 

Offices 

20-30 

6 

Public toilets 

10 

Public waiting rooms 


6 

Schools 

40 

8 

Theaters 

30 

8 

Bakeries 

10 

Forge shops 


10 

Oalvanizing plants 


20-30 

Pickling plants 


10-16 




> Allen Corporation. 
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conditions the frequency of air changes listed in Table 24 can be 
safely used. Data given in the table are based on average 
weather conditions in temperate climates. Where extreme 
hot or cold weather predominates, these figures are subject to 
some revision.^ 

Heating. — There are two kinds of heating required in chemical 
plants: (1) that for processing, and (2) that for maintenance of 
proper living conditions in the plant. In general, processing 
utilizes low-pressure steam on evaporators and reaction kettles, 
and high pressure only where high temperatures are desired. 
The heating of an industrial plant can be tied into the processing 
system, but more often it is separately controlled and maintained. 
(See Marks’ ^^Mechanical Engineers’ Handbook,” pp. 1636-1679.) 

Heating -system Types. — The sources of heat in a plant may 
come from the heating system, or from persons in the building, 
motors, lights, machinery and processing equipment. The 
last source must be considered in determining the heat require- 
ments of a plant when the equipment has not been insulated to 
prevent heat losses. The problem of heat requirements neces- 
sarily depends upon the processing carried out in the plant. 
Types of heating include: 

A. Hot air. 

1. Open grates. 

2. Fireplace heaters. 

3. Stoves. 

4. Hot air (pipeless and trunk piping). 

B. Hot water. 

1. Gravity. 

2. Low pressure. 

C. Steam. 

1. One-pipe vacuum system. 

2. Two-pipe vacuum system. 

3. Two-pipe vapor system. 

4. Weather-compensating system. 

D. Hot-blast and unit heating. 

1. Low velocity. 

2. High velocity. 

3. Blanket or air strata. 

1 For complete information on ventilation requirements and standards 
see “Regulation for Installation of Blower and Exhaust Systems,” National 
Board of Fire Underwriters; also Safe Practices Pamphlets, 32 and 37, 
National Safety Council, Chicago, 111. 
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Hot-air Systems. — The centralized hot-air furnace is a large 
stove encased in brick or sheet steel, having an air duct or cold-air 
tube through which air from the outside of the building is heated 
and introduced into the room. Distribution of the hot air from 
the furnace to the distant parts of the building is accomplished 
by fans, through pipes, and adjusted by central registers and 
dampers. For chemical plants this type of heating is not so 
desirable as hot water or steam, since the latter may be tied into 
the processing system in the plant. 

Hot-water System. — The hot-water system for heating the 
building may use radiators of the pipe, stand or suspended forced- 
air types. In the gravity system^ circulation is maintained by 
the difference in density between the hot water entering the 
radiators and the cooler water leaving. A supply pipe from the 
furnace connects with the intake of each radiator and also with 
an expansion tank at the highest point in the system. Return 
lines pitch downward slightly on horizontal runs and return to 
the bottom of the furnace. Since distribution depends upon 
the difference in temperature in the exit and inlet parts of the 
heater, the rate of flow is controlled in a measure by the amount 
of radiation of heat from the system. In cold weather the faster 
cooling of the radiators causes a more rapid flow of water than 
when the weather is mild. Hence, this system can be called a 
compensating system; its action is slow. 

In the low-pressure system, a centrifugal pump forces the water 
through the system; quick pickup can be accomplished by chang- 
ing the speed of the pump. By installation of a thermostatic 
device that controls the speed or operation of the pump, this 
system can become weather compensating. 

Based upon square feet of exposed wall surface the square feet 
of radiation required for hot-water systems is one-tenth the 
value of the exposed wall surface. 

Steam Heat. — In the one-pipe steam-heating system the 
radiator connections carry both steam and condensate. The 
supply main (which also serves as the return) is pitched down- 
ward from a point above the furnace, following a course depend- 
ing upon the location of the radiators to be supplied. The pitch 
should not be less than ^ to 1 in. in 10 ft. Depending upon 
the contour of the building, the mains may be carried to some 
distant point from the boiler before terminating or they may be 
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arranged so that their terminus occurs at or near the boiler. 
In either case, the main return is dropped below the water line 
of the boiler, with a check valve at the base of the drop to prevent 
water from the boiler surging into the system. The installation 
of air and vacuum valves and correlated devices on one-pipe 
steam-heating systems overcomes certain inherent weaknesses. 
The valves function to eliminate air rapidly from the system 
and seal it against further intrusion of air when the steam 
pressure drops. Furthermore, they keep the system under a 
vacuum between heating-up periods and also serve to eliminate 
noises and pounding on account of steam and condensate travel- 
ing in opposite directions in the same piping. 

The standard vacuum system of heating is a two-pipe system 
wherein it is necessary mechanically to create a vacuum on the 
return line by means of a st(^am- or electrical-driven vacuum 
pump, which purges the system of air, thereby reducing the 
pressure in the return lines and returning the condensate to the 
boiler. The system may be designed upfeed or downfeed, i.e., 
to supply the radiators with steam from mains in the basement, 
or by carrying a main riser to the attic and from there supplying 
the radiators with downfeed risers. 

The ability to generate heat as it is needed to meet outside 
weather conditions, with a minimum amount of fuel and atten- 
tion, with maximum efficiency and utmost simplicity, constitutes 
the appeal of the two-pipe vapor system, which circulates vapors 
at very low pressures and is silent in operation. Vapor can be 
generated at as low as 4 oz. pressure and still circulate sufficient 
vapor throughout the supply system to produce a radiator-heat 
output that corresponds directly to heat demand in mild weather. 
Such a system can be operated to meet sudden demands for 
more or less heat as outside weather conditions change. The 
amount of vapor delivered to the radiators can be controlled 
by regulating the opening of the radiator valves, which auto- 
matically controls a sensitive damper regulator on the generating 
unit, closing or opening the drafts as weather conditions demand. 

Vapor-system units eliminate air binding and the necessity 
of an air valve on each radiator, require a lower initial pressure 
to achieve circulation, make the system noiseless, assure safety, 
permit minimum sizes of piping and avoid complexity of design. 
This system is applicable to the most serious heating problem. 
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The compensating system of heating accomplishes its results 
by compensating the volume and the temperature of the steam 
in the entire heating system and by limiting the amount of steam 
which each radiator can consume — all in accordance with weather 
requirements. This eliminates the waste of heat that results 
when a window is permitted to remain open more than is required 
for ventilation, or where one part of a building requires more 
heat than another. The weather-compensating system is a 
two-pipe vacuum system similar in most points to the ordinary 
return-line vacuum system, using a vacuum pump to create 
circulation and to withdraw condensate from the system and 
return it to the boiler or steam-supply unit. In the main supply 
system is placed a compensating supply control which can be 
operated manually, semiautomatically or fully automatically, 
by thermostat, as desired. Th^ control governs the pressure 
(or vacuum) and regulates the quantity and temperature of the 
steam distributed throughout the system. 

HotA)last and unit heating systems force or draw air by means 
of a fan over a series or arrangement of pipes in small units, 
heated by steam, hot water or gases, the air being drawn from 
the outside, or recirculated in the room, depending upon the 
heating units. Hot-blast and unit heaters may be used for 
complete^ self-contained heating or heating and ventilating 
plants, which distribute heat uniformly without the use of ducts. 


Table 25. — Heat-transference Tables for Blower Heating^ 
(B.t.u. delivered by 1 cu, ft. of air cooling from discharge-outlet temperature 
to temperature inside building) 


Outlet tem- 
perature, ®F. 

Temperature inside building, ®F. 

80 

70 

65 

60 

180 

mM 

1.663 

1.728 

1.803 

160 


1.306 

1.473 

1.660 

140 

0.961 

1.121 

1.202 

1.281 

130 

0.816 

0.977 

1.069 

1.140 

120 

0.663 

0.828 

0.911 

0.994 

110 

0.506 

0.674 

0.768 


100 

0.343 

0.616 

0.600 


00 

0.176 

0.349 

0.436 

■H 


1 American Radiator Co. 
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They afford positive ventilation and easy regulation. The heating 
units are completely assembled and built in sizes to meet the 
requirements. Unit heaters have in some cases been used 
instead of the central-fan system for both heating and ventilating. 
Such installations may be considered good practice, but sound 
engineering demands a careful comparison of the advantages 
and disadvantages of these two types of fan heating, as well as a 
comparison of the relative costs before a decision is made. 

There are only two ways to apply ordinary unit heaters to the 
problem of heating an industrial building. One is the displace- 
ment method and the other is the mixture method. With the 
first method, cool intake air is drawn from the floor by the fans 
of the unit, and warm outlet air projected over the breathing 
area by the unit. The stratum of cool air taken in from the floor 
level is replaced by the air above it, which descends as it cools. 
Applying unit heating with ordinary unit heaters of the suspended 
typo is done by what is known as the mixture method. The 
velocity of the warm outlet air issuing from a suspended type 
unit must be great enough to mix this air with the cooler air 
down at the floor level. Data on forced-draft heating are given 
in Tables 25 and 26. 

Table 26. — Factors for Converting Air Volume at Discharge-outlet 
Temperature to Equivalent Air Volume at 140°F. and at 70°F.^ 


Outlet tem- 
perature, 
°F. 

Outlet temperature, '"F. 

140 

70 

180 

0.938 

♦ .828 

160 

0.968 

0.855 

140 

1.000 

0.883 

130 

1.017 

0.898 

120 

1.035 

0.914 

110 

1.063 1 

0.930 

100 

1.072 

0.946 

90 

1.091 j 

0.964 


^ American Radiator Co. 


Radiation Losses. — In order to heat a building properly, a 
given amount of radiation is installed to compensate for the heat 
lost through the walls, windows, doors and cracks into the 
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outside atmosphere. This quantity of radiation is carefully 
calculated to meet the severest weather conditions likely to 
be encountered and thus to maintain a comfortable tempera- 
ture within the building. 

The U. S. Weather Bureau publishes data on temperatures for 
various localities throughout the United States (see Perry^s 
“Chemical Engineers^ Handbook/^ pp. 126-127). It states that 
heat is required 210 to 240 days out of the entire year, depending 
upon the locality. Of this period weather reports indicate that 
but 5 per cent is subjected to severe weather conditions demand- 
ing a maximum heat load, while heat may be supplied well 
under maximum heat load for the remaining 95 per cent of the 
period. 

Heating Requirements of Factory Buildings. — The quantity 
of heat required in an industrial plant depends on the nature of 
the work. For example, if a high humidity is maintained, as in a 
textile plant, lower temperatures can be carried than where the 
atmosphere is quite (ky. Where workmen are actively moving 
about, much lower temperatures are required than where the 
workers, such as rayon inspectors, are sitting down at work- 
benches. Table 27 lists the temperature that should be main- 
tained in various rooms and various industrial buildings. 


Table 27. — Building and Room Temperatures^ 
(For outside temperature of O'^F.) 



°F. 


“F. 

Showers 

85 

Textile mills 

65 

Offices T. 

70 

Foundries 

66-60 

Hospitals 1 

72-75 

Boiler shops 

56-00 

Paint shops 

80 

Machine shops 

60-65 

Woodworking shops 

60-65 

Shoe factories 

68-72 

Clothing shops 

70 

Factories in general 

65 






1 American Radiator Co. 


A mean temperature of 68°F. inside the building is comfortable 
and healthful. Outside temperature controls the inside and may 
be predicted from local records. The heat supplied in the build- 
ing is lost by radiation from the building surfaces, and by replace- 
ment by cold air from outside (infiltration). 
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Table 28. — Building Heating (Radiation Plus Infiltration)^ 
(Radiation: square feet building surface heated; 0°F. outside, GO^F., inside) 


B.t.u. 
per Hour 
Lost per 
Square Feet 

Type of Surface Surface 

Glass, windows and doors 66 

Glass, skylight 75 

12-in. brick wall 16 

12-in, brick and plaster 14.5 

8“in. plain concrete 30 

Corrugated iron, loose 83 

Corrugated iron, tight 62 

Frame, standard 12 

Frame, no lath or plaster 17.6 

Roof, tongue and groove on 1-in. boards 15 

Roof, tongue and groove on 4-in. concrete 30 

Roof shingles on sheeting 20 

Floors, concrete on earth 7.76 

Floors, wood on sills 3.25 

Infiltration, lineal feet heated, at 5 m.p.h. wind velocity 

Per Lineal 
Foot 

Wood sash, fixed 23 

Wood sash, double-hung 45 

Steel sash, double-hung, Fenestra, double doors 9 

Outside doors 18 

1 American Ua<liator Co. 


Table 28 shows the unit losses for various building surfaces, 
from which the quantity of radiation may be calculated. It is a 
convenient table for calculating heating requirements for factory 
buildings. A fair idea of the quantity of radiation surface may 

Table 29. — Sources of Internal Heat' 

B.t.u. per Hour 


1 horsepower 2,546.0 

1 kilowatt 3,415.0 

100- watt lamp 341.5 

1 man at rest 400.0 

1 man at work 500 . 0 

1 cu. ft. producer gas 150.0 

1 cu. ft. illuminating gas 550.0-700.0 

1 cu. ft. natural gas 1,000.0 


Note. — Welsbach hiirner consumes 3 cu. ft., and fishtail, 5 cu. ft. gas per 
hour. 

1 American Radiator Co. 
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be obtained by assuming 1 sq. ft. of radiation per 160 cu. ft. of 
mill interior, assuming that the structure is adapted to the 
climate. Table 29 lists some common sources of internal heat, 
and Table 30 includes the data on the number of B.t.u. required 
for heating air through definite temperature intervals. 


Table 30. — B.t.u. Required for Heating Air' 

(Quantity of heat in B.t.u. required to raise 1 cu. ft. of air through any given 
temperature interval) 


Outside 



Temperature of 

air in room, 

°F. 



tempera- 











ture, ®F. 

40 

i ^ 

60 

70 

80 

90 

100 

110 

^ 120 

130 

-40 

1.824 

2.052 

2.281 

2.509 

2.738 

2.967 

3.197 

3.424 

3.654 

3.882 

-30 

1.559 

1.782 

2.005 

2.229 

2.452 

2.675 

2.899 

3.125 3.346 

3.570 

-20 

1.306 

1.524 

1.742 

1.960 

2.179 

2.397 

2.615 

2.834 

3.053 

3.271 

-10 

1.065 

1.278 

1.491 

1.704 

1.918 

2.132 

2.345 

2.558 

2.772 

2.986 

0 

0.833 

1.042 

1.250 

1.459 

1.668 

1.877 

2.085 

2.294 

2.504 

2.713 

10 

0.612 

0.817 

1.020 

1.224 

1.428 

1.633 

1.837 

2.042' 

2.246 

2.451 

20 

0.399 

0.599 

0.799 

0.999 

1.199' 

1.399 

1.599 

1.800 

2.000 

2.200 

30 

0.196 

0.391 

0.587 

0.783 

0.977 

1.175 

1.371 

1.567 

1.764' 

1.960 

40 

0.000 

0.192 

0.384 

0.576 

0.768 

0.960 

1.152 

1.344 

1 . 537 

1.729 

50 


0.000 

0.188 

0.376 

0.565 

0.75310.941 

1.130 

1.319 

1.507 

60 



0.000 

0.185 

0.369 

0.554 0.7391 

0.924 

1 . 108 

1 .293 

70 




0.000 

0.181 

0.362 0.544 

0.725 

0.906 

1.088 


^ American Radiator Co. 


For outside walls, excluding floors and roofs, quantities of 
radiation should be increased for wind; for instance, the factor 
for New York City is 50 per cent, while for Salt Lake City, where 
wind is usually light, the factor is 10 per cent. Infiltration is 
proportional to wind velocity. 
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CHAPTER VII 

POWER AND POWER TRANSMISSION 


The chemical engineering industries are the largest users of 
electrical power equipment among the industries today. This 
is due to the modern demand for extreme flexibility, a demand 
which sometimes errs on the side of too many individual drives 
in cases where the group-shafting system would be more economi- 
cal. Practically all modern chemical equipment, such as high- 
and low-pressure mixing vessels, driers, high-speed pulverizers 
and attrition mills, must be driven. All such equipment can be 
propelled either by individual electric motors or by systems of 
belting, shafting and gearing. 

Sources of Power. — Power can be obtained from coal, gas, 
water, oil, wood or windmills. The fuels (generally coal), how- 
ever, supply the most flexible and economical source, inasmuch 
as they provide for generation of steam both for processing and 
for electricity production. Power can be economically developed 
as a by-product in most chemical plants, if the needs are great 
enough, since the process requirements generally call for low- 
pressure steam. The turbines or engines used to generate 
electricity can be operated noncondensing and supply exhaust 
steam very valuable for process purposes. 

Steam Power. — The quantity of steam used in a process 
depends upon the thermal requirements, plus that to meet the 
mechanical power needs, if such power is generated at the plant 
(see Table 31). Steam-power-plant prime movers are well 
standardized and include: (1) simple engines using saturated 
steam, (2) simple engines using superheated steam, (3) compound 
engines, (4) triple- and quadruple-expansion engines, (5) impulse 
turbines and (6) reaction turbines. Other prime movers include 
water wheels, hydraulic turbines and internal-combustion engines 
(gas, gasoline jind oil). Water wheels and hydraulic turbines 
require operation by specialists trained in these lines. 

The chemical engineer may come into contact with such 
prime movers, but more often his plant equipment will be 

141 



142 


CHEMICAL ENGINEERING PLANT DESIGN 


Tabus 31. — Coal and Water Consumption and Boiler Capacities for 
Various Types and Sizes of Steam Engines 


Engine 

type 

Size, 

horse- 

power 

Water 

For delivered horsepower 
of rating 

Gallons 

per 

minute 

full 

load 

delivery 

Pou 

P« 

b.h 

Full 

loud 

nds 

‘r 

.p. 

Half 

load 

Boiler 

horse- 

power 

includ- 

ing 

auxil- 

iaries 

Coal — tons per 24 hr. 
at full load — 125—150 
lb. pressure 

10,000 B.t.u. per lb. 
coal as used for 
following boiler 
efliciency 

H 

Sc< 

40 

orizoi 
:)tch I 

50 

tital t 
narin 
tube 

00 

ubiihi 

e wal 

70 

ir 

:er 

80 

Throttling 

50 

5 

39 

41 

80 

8.2 

0.3 




Plain slide valve 

100 

9 

36 

39 

145 

15 1 

11.7 




Noncondensing 

1,50 

12 

34 

37 

205 

21.4 

1 0 .5 




Automatic 

100 

7 

29 

30 

115 

13 3 

10.4 




Plain slide or piston V. 

200 

12 

27 >2^ 

29 

220 

25 0 

19 5 

10.4 



Noncondensing 

300 

17 >2 

26>2 

28 

305 

35.0 

i29 0 

22.9 

1 


Automatic I 

1.50 


23 

28 

140 

15.7 

12.2 

10.4 



Tandem compound. . . . 

300 

15 

22 

26>2 

255 

28.7 

22 5 

19.0 

10.5 


Noncondensing 

450 

21>2 

21>2 

20 

370 


32.9 

j27 9 

24 . 3 

21.3 

Corliss 

200 

10 

22 

25 

175 


1 .5 . 0 

13. 1 

11.4 


Simple 

400 

19 

21 H 

24 > 2 ' 

330 


29 1 

24.9 

21.5 

18.9 

Noncondensing 

600 

27 

21 

24 

485 


42.5 

30 3 

31 .5 

27.0 

Corliss 

300 

13 

im 

26>2 

225 1 



10.9 

14.6 

12.9 

Compound 

600 

25 

19 

26 

435 



32.8 

28.6 

25.0 

Noncondensing 

900 

37 

mi 

25>i^ 

010 



46.0 

40 0 

35.0 

Corliss 

500 

17 1 

14H 

16 

280 



20.9 

18.3 

15.9 

Compound 

1,000 

31 

mi 

mi 

505 



38.0 

33 . 0 

29.0 

Condensing 

1,500 

44 

mi 

15 

7.30 



55.0 

0 

00 

42.0 


Not®: Auxiliaries and stcain losses are included in V)oilpr horsepower and coal consump- 
tion on following basis: Up to 200 hp., 20 per cent; 300 to 000 hp., 15 per cent; 900 to l,5fK) 
hp., 10 per cent. 

Mechanical efficiency of all engines hgured at 01 per cent. 

electrically driven, with the electricity generated in the plant^s 
own powerhouse, or purchased from a public utility. 

Electrical Power. — Electrical power equipment necessary in a 
chemical plant is quite costly and is also somewhat expensive 
to maintain. This problem should be handled by a competent 
electrical engineer. However, it will be necessary for the 
chemical engineer to decide where power is required, where power 
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and lighting outlets are needed, and how much power or light 
is needed at each outlet. These requirements are sketched on 
a plan, and the electrical engineer will make the necessary calcu- 
lations to determine the requirements for switches, transformers, 
panels, fittings, wire, conduits, fuse boxes, etc. 

Electric Motors. — Motors may be classified according to 
(1) type, (2) speed and (3) mechanical features. The selection 
of motors depends upon the service demanded. An explanation 
of different motors should enable the chemical engineer to 
comprehend what the electrical engineer has available for use 
in the chemical plant. 

1. Type. 

a. Shunt-wound Motors. — Used where the work is of a fairly steady nature; 
where a considerable range of speed is desired; when fairly close speed 
regulation is required. 

b. Compound- wo\ind Motors. — Used when there are sudden calls of short 
duration for heavy loads; when heavy starting duty is required; when 
series motors could not be used on account of excessive light-load 
speeds. 

c. Series Motors. — Used when excessive starting torques are required, 

but only when speed regulation is not important and only when light- 
load speeds do not exceed point of safety. ^ 

d. Squirrel-cage Motors. — Used when constant speed is desired and when 
normal starting duty is suitable. 

e. Squirrel-cage High-resistance Motors. — Used when heavy starting duty 
is needed or w hen high slip is necessary to prevent excess motor over- 
loads or intermittent peak-load demands. 

f. Slip-ring Motors , — Used w'hen heavy starting duty is required and 
speed control is necessary; maximum speed reduction practicable is 
50 per cent; this is obtained by series resistor and speed is dependent 
on load. 

2. Speed. 

a. Multispeed Motors, — When direct current is not available; when three 
or four definite speeds, in conjunction with gear changes, wdll give 
desired speeds. 

3. Mechanical Features. 

а. Open. 

б. Mechanically protected. 

c. Semiencloscd. 

d. Totally enclosed. 

e. Enclosed, externally ventilated. 

/. Enclosed, self-ventilated. 
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g, Moistureproof. 

h. Splash- and waterproof, 
t. Submergible. 

j. Acidproof. 

k, Explosionproof. 

Selection of motor for specific applications is facilitated by 
using Table 32. 

Table 32. — Motor Application 



pnizii 






‘nnirriiifr'-'''Mrrninnn 

BD 



AttMATUlie CONTAOL 


AAMATUNC CONTAOL 


iraEiDDI 

lEe^DD! 

lE^DD 



OCACNOCNT UAON tOAO AT NOAMAL OACIO. 
HOAtCAOWtA AATINOt.TOAOUl AND ACfVLATlON 
' MAXINUM TOAOUC IS UMITCO OV COMMUTATION , 


OATA It AON 4 AOLt (itOO A.RM.) SO CVCLI A.C. MOTOAt 
VNOCA NOAMAL CONCHYiONS O.C. MOTOA OBVCLOAS tOO TO 


SULLOOtCNO 



















































POWER AND POWER TRANSMISSION 


145 


Application of Electric Motors. — There are two types of electric 
motor drive in general use in the modem industrial plant, viz.j 
(1). the direct-connected or individual drive, in which the motor 
is mounted on the machine or located near it, connected by chain, 
gear or belt; (2) group drive, in which one motor is arranged to 
drive a number of machines with widely fluctuating power 

Chabt for Process Industries 
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requirements. The choice of type of drive depends upon the 
process and the arrangement of available equipment. The 
following arguments^ are advanced for each type of drive. 

A, Advantages of individual drive. 

1. Elimination of overhead shafting and belting. 

a. Line-shaft-friction losses eliminated. 

b. Maintenance of shafting and belting eliminated. 

c. Cleaner shop. 

d. Better light. 

€. Closer speed adjustment of the tool to the work. 

2. Location of machines to suit the continuity of a manufacturing 
process without regard to the location of line shafting. 

3. When only a few of the installed machines are to be operated 
(e.g.j overtime or slack season), it is not necessary to operate 
idle shafting and belting. 

4. On large work the tool may be taken to the work instead of ^he 
work to the tool. 

B. Advantages of group drive. 

1. General advantages. 

a. Lower first cost. 

h. Lower electrical maintenance expense. 

c. Breakdowns with consequent delay to production less 
frequent. 

d. Possible to standardize more fully on motor styles and 
speeds, with consequent possibility of carrying complete 
line of spares, resulting in greatly decreased delay from such 
breakdowns as do occur. 

2. Particular advantages when using a.-c. power. 

a. Here the lower first cost extends back through the distribu- 
tion system and to the powerhouse. 

b. If the power is purchased, this is reflected in a lower unit 
cost for power because of the greatly increased power factor 
attainable with group drive. Table 33 gives a comparison 
of individual and group drive costs on basis of motor and 
horsepower costs. 


Table 33. — Comparison op Costs op Group and Unit Drives 
(Using squirrel-cage induction motors) 

1,200 r.p.m. — 550 volts 


Horsepower of motion 


1 

10 

40 

Cost per horsepower 

$68.00 

$44.00 

$12.90. 

$7.82 

Number of motors 

80 


4 

1 

Total costs 

$2,720.00 


$516.00 

$313.00 


‘ Drake, R. W., Ind. Eng., February, 1929, p. 8. 
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Before any decision as to type of drive is reached, a careful 
study should be made to determine the most satisfactory and 
economical method in view of power requirements, location of 
machines and other important factors. Characteristics and 
limiting factors of mechanical power-transmission systems have 
been listed by Staniar and Perry^ according to drive requirements 
of 15 transmission methods to aid in intelligent selection of sys- 
tems to be used in specific cases. 

Industrial Plant Wiring. — The rapid industrial development 
of recent years has been accompanied by the extensive applica- 
tion of electrical equipment in factories, mills and shops. This 
electrification of industrial plants has concerned itself principally 
with conversion from mechanical to motor drive, with the 
adoption of electric lighting and, more recently, with the use of 
electric furnaces, ovens, welding equipment and other special 
electric heating appliances. All these and other electrical 
applications call for suitable, dependable and safe wiring systems, 
and the installation of these systems has, therefore, made factory 
wiring a varied and difficult problem. The wiring must be safe 
and free from fire or accident hazards because of the large 
number of employees that may be at work in the plant. Only 
a very few of these know much about electricity and how to 
guard against shock or fire from its use. It is in order to avoid 
such hazards that the rules governing factory wiring in the 
national and local electrical codes have been made steadily more 
stringent. 

Layout of Wiring Systems. — The principal wiring systems used 
in factory buildings are (1) open wiring, (2) molding wiring, 
(3) concealed knob and tube, (4) flexible conduit, (5) armored 
cable and (6) conduit wiring. In conduit wiring, the wires are 
run in metal ducts that are either exposed on the ceiling, walls 
or columns, or concealed in the walls and floors, or partly exposed 
and partly concealed. Conduit wiring is obviously more 
expensive but much safer and more reliable because the wires 
are completely protected from mechanical injury, from accumula- 
tions of dust, etc. Because of its superior safety, conduit wiring 
is insisted on for factory buildings in the larger cities. 

Selection of the wiring system depends upon the nature of the 
building construction and the character of the manufacturing 

» Staniar, W., and S. H. Perry, Chem. Met. Eng., 41, 626 (1934). 



148 


CHEMICAL ENGINEERING PLANT DESIGN 


process carried out. In general, it may be said that the less 
expensive open wiring system may be used in any factory build- 
ing where no special effort at fireproofing has been made, and 
in which no hazardous materials or processes are used. A 
further requirement is that the wires may be so arranged that 
they will not be readily disturbed. The Fire Underwriters^ 
Laboratories and local ordinances should be consulted in all 
cases. 

Circuits should be run as direct and as free from bends as 
possible. All wires for a circuit should be run in the same 
conduit, especially if alternating current is used. Distribution, 
junction, cutout and switch boxes or cabinets should be of ample 
size to accommodate additional feeders and branch circuits that 
it may be anticipated to add later, even if these are not to be 
installed for some time. 

Separate feeders should always be installed for lighting and 
for power. The first reason for this is that starting and stopping 
of motors cause serious fluctuation of the circuit voltage. The 
second reason is that motor circuits are more often overloaded 
or short-circuited than lighting circuits and, therefore, more 
frequently interrupted by the blowing of fuses. 

Motor Circuits. — Laying out the power circuits where there 
are many motors, and of different sizes, is often a difficult prob- 
lem. Great care in laying out the power feeders and branch 
circuits is necessary because, not only would there be an invest- 
ment waste in the use of an unnecessary length of heavy cable 
or wire, but also a needless power loss in overcoming resistance. 
Rules for finding the size of wire to run to any motor are quite 
well known, and many tables have been published, for both 
d.-c. and a.-c. motors. It is usual to allow not only for the 
efficiency of the motor, but also for at least 10 per cent over 
full-load current. The kind of service the motor is to render, 
the type of motor and its rating must be taken into account 
in determining the wire size. 

Shafting. — Shafts are an important element in all power- 
transmission equipment, and much depends upon the proper 
selection of the shaft size. The American Society of Mechanical 
Engineers has made a careful and exhaustive study of the theory 
of stresses in shafts, and their findings confirm the results of good 
practice. The standard sizes, working stresses and design 
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factors have been incorporated in formulas and tables by Staniar,^ 
offering a uniform and safe standard practice to users of shafting. 
Shafting, when properly aligned, can transmit power over dis- 
tances of 6,000 ft. with an efficiency of 80 per cent. 

Shaft Materials and Size. — Commercial shafting, as used 
generally for power transmission, is hot-rolled from mild steel 
bars and cold-finished or lathe-turned to finished size, up to 
about 6 in. in diameter. Corrosion is a vital hazard to shafting. 
Although any size shaft can be secured, it is advisable to use 
those sizes that are obtainable from stock without delay or 
extra charges, and for which the necessary couplings, collars 
and bearings are also stocked. 

Stresses Found in Shafts. — Stresses commonly found in shafts 
are torsion or twisting only, flexure or bending only, or a combina- 
tion of torsion and bending. To these might be added axial 
tension, or compression, due to endwise thrust as found in 
vertical shafts, in those driven by bevel or worm gears or in 
propeller shafts. Torsion is produced by turning moments of 
.belts, ropes, gears, or in propeller shafts. Bending is produced 
by the combined pull of tight and slack sides of belts or ropes, 
the thrust of gears, chain pull, or the weight of parts supported 
or carried by the shaft. A shaft supported at two points some 
distance apart will have a bending stress resulting from the 
weight of the shaft. Any pulley, gear or sprocket placed on the 
shaft will increase the bending stress and, when force is applied 
to produce rotation, a torsion stress will be added to the bending 
stresses. The magnitude of these stresses and their location 
and direction of application in relation to the points of support, 
the character of the forces and the working strength of the 
shaft material are the prime factors in determining the size of 
shaft to use. 

In heavy or important installations, the weight of shaft should 
be included approximately in the first calculation and checked 
when shaft size is determined. All stress factors acting upon 
the shaft should be considered, such as weight of shaft, belt, 
chain attachments, material carried, and unusual erecting and 
operating conditions. Shaft sizes are generally large when 
speeds are low, when bending loads are heavy or when bearings 

1 Perry, J. H., “Chemical Engineers^ Handbook, “ 2d ed., pp. 2510-2513, 
McGraw-Hill Book Company, Inc., New York, 1941. 
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are not close to the bending loads. Smaller shafts can often be 
used with safety and economy through increasing speeds and 
by proper mounting of the shaft in roller bearings. Shafts 
that are too small can often be relieved of excessive stress 
by adding another bearing or relocating bearings in relation 
to loads. A long clutch sleeve on a small shaft will develop 
trouble from the deflection of the shaft within the sleeve if the 
bearing is not sufficiently close to the sleeve. A liberal size 
in shafts and the installation of plenty of bearings are good 
insurance against loss in production and damage to life and 
property. 

Information Required to Determine Shaft Size. — The following 
points must be determined in selecting shafting: (1) power 
requirements of each piece of equipment; (2) location of equip- 
ment and shafting; (3) kind of hangers, pulleys and bearings; 
(4) source of power for driven machines; (5) normal and maxi- 
mum power to be transmitted; (6) characteristics of load, 
whether steady or fluctuating, gradually or suddenly applied, 
or shock loads (giving magnitude of variations and time of 
duration); (7) speed of shaft; (8) direction of rotation of driver 
and driven equipment; (9) center distance and relative elevation 
of driver and driven equipment. 

Horsepower Requirements. — The horsepower requirements 
of each piece of equipment cannot be taken entirely as a criterion 
for the size of shafting, for, in addition, the type of equipment 
must be considered. Certain kinds of equipment, for example, 
operate more satisfactorily with unit drives. Again, the proper 
location of equipment as determined by the flow of materials is 
important in chemical plants. This consideration, more than 
any other item, controls the location of equipment and, con- 
sequently, the location of shafting for power transmission. 
Such location frequently so changes the distribution of power 
as to make it necessary to divide the shafting equipment into 
several line shafts and countershafts. Therefore, a careful 
consideration of plant design must precede any determination of 
individual line shafting that is based on horsepower distribution. 

Bearings. — Almost any bearing, properly babbitted, lubricated 
and aligned, will transmit power with good efficiency. The 
common or plain bearing has an efficiency of 96 to 98 per cent, 
the roller bearing 98 per cent, and the ball bearing 99 per cent. 
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Four general types include the grease-lubricated, self-oiling, 
antifriction and oilless bearing. 

The description of bearings by Staniar (Perry's ''Chemical 
Engineers' Handbook," pp. 2508-2510) includes materials of con- 
struction and methods of installation. He states that the n^ber 
of bearings and their location has a direct influence on the dead- 
load capacity of the shaft. Binding of the shafting in bearings 
usually does not occur where the deflection does not exceed 
0.01 in. per foot. There is no definite rule of spacing, but on 
line shafting where the pulleys can be set close to the bearing, 
8-ft. centers are good practice. 

The factors governing selection of bearings are: 

1. Diameter and speed of shaft. 

2. Power and dead load. 

3. Support. 

4. Lubricant and lubrication methods. 

5. Space limitations. 

6. Operating conditions. 

7. Initial and maintenance costs. Power losses per year caused by 
excessive friction loads have been determined (Perry^s “Chemical 
Engineers’ Handbook,” p. 2510). 

Hangers. — Hangers are, without question, one of the most 
important parts of line-shaft equipment, and upon their correct 
design, rigidity and bearing equipment depends in large measure 
the success of the entire distribution system. Ordinarily, sling 
hangers are suspended from beams or ceiling. These can be 
attached to the beams or rafters by various methods. The beam 
clamp is very satisfactory for attaching hangers because no 
drilling into the beam is required and because change of location, 
shifting or removal of shafting is facilitated by the use of such 
clamps. The sling hanger is used where shafting is subjected to 
extremely heavy bending or vibratory stresses. If supporting 
beams are more than 16 ft. apart, it becomes necessary to pro- 
vide for additional supporting hangers and bearings at approxi- 
mately 8-ft. distances, or to provide a much larger diameter shaft 
to give stiffness and reduce whipping. Another means is to 
employ a slow rate of shaft rotation. 

Hangers with adjusting screws are much more satisfactory 
than rigid hangers or nonadjusting types, since perfect align- 
ment of the shafting is essential. They are constructed on the 
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true ball-and-socket principle, permitting a free and effective 
movement of the bearing in the frame. They are easy to erect 
and line up, and their strength and rigidity ensure the permanent 
nature of the original alignment. 

Wl^en the line shaft or countershaft is to be located near the 
wall or near a line of columns, then the bracket type of support 
is used. On these brackets can be placed any one of the types 
of pillow block, rigid, adjustable or split. 

It is a common custom to use regular drop-hanger frames as 
floorstands by inverting them when the design calls for floor 
stands of low cost and compact proportions. Adjustable floor 
stands are made for use with pillow blocks. Both horizontal 
and vertical adjustments can be obtained by means of the 
wedge adjusting screws. 

Couplings. — The length of shafting varies in standard sizes, 
but the choice of lengths is a local one, depending upon conditions 
in the plant and location of the hangers. These lengths of 
shafting are locked together by couplings of various designs. 
Types of coupling available include the flanged, ribbed and 
flexible (such as Ajax, Falk, Francke, leather link and floating 
center). Flanged couplings, when pressed and keyed onto the 
shaft and faced off, are practically part of the shaft. The use 
of these couplings ensures the permanence of the original align- 
ment; this type of coupling is exclusively used on shafts over 
6 in. in diameter. The ribbed coupling is adapted for gen- 
eral line-shaft service. Slight errors in aligning shafting are 
unavoidable; to compensate for such errors, flexible couplings 
are recommended. 

The Ajax flexible coupling owes its flexibility and shock- 
absorbing quality to the use of rubber cushions which are ground 
to fit the flange sockets and cemented in place. The Falk 
coupling contains a spring grid fitting into specially formed slots 
in the hub, a construction which permits accommodation of 
angular and parallel misalignment, allows free end float, absorbs 
shocks and reduces oscillations. The Francke coupling owes 
its flexibility and shock-absorbing qualities to the use of flexible, 
laminated steel-pin units, which are locked in place by a single 
spring-retaining ring. In the leather-link type, the steel pins 
are connected by a special, oil-treated, endless leather belt. 
Such couplings are used for connecting motors to driven machines 
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and for low speeds and heavy loads. The floating-center cou- 
pling has a center disk with tongues finished for a sliding fit. 
Such couplings are suitable for transmitting heavy loads and 
can be used for reversing service. They are most frequently 
employed for connecting low-speed shafts where heavy torque 
is encountered. 

Safety Collars. — In order to prevent shafting from moving 
sideways, safety collars are placed on each line of shafting in 
such places that shifting cannot occur in either direction. Also 
they must be located so that thermal expansion of the line shaft 
does not cause binding of the collar against the bearings. Safety 
collars are made both solid and split, for all standard sizes of 
shafting. They comply with all the legal requirements as to 
safety by having setscrews and bolts protected. An important 
use for safety collars is to carry the weight of slow-speed, vertical 
agitator shafts. 

Friction Clutches. — Friction clutches used for power control 
are made in solid and split types, for any power capacity. They 
may be used as cutoff couplings or in connection with loose 
pulleys, sheayes, sprockets or gears. They save power by 
cutting out idle machines or groups of machines and permit 
motors and gas engines to attain a working speed before loads 
are applied. For the last purpose, automatic centrifugal clutches 
are often used. Friction clutches provide flexibility in power 
distribution in the connection and disconnection of reserv^e power 
units. Furthermore, they are safety factors for the instantane- 
ous cutting off of power when necessary to safeguard workmen 
or machines. (See Perry^s ‘‘Chemical Engineers^ Handbook,^^ 
pp. 2517-2518.) 

Countershaft Units. — Countershafts are built to conform to 
standards and permit cutting off idle machines for the same 
reasons that mechanical clutches are used. They are built to 
meet any specifications with any type of hangers, bearings, 
pulleys, clutches, etc. Shifters are used to move the belts 
from power to idle positions. The loose pulley should not be 
placed on the main shaft. 

Pulleys. — Pulleys are of three types: (1) single cast, which 
must be slipped over the end of the shaft and keyed on; (2) the 
split type; and (3) the clamp-hub type, which* permits ready 
removal and change. Pulleys are flat or crowned, depending 
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upon requirements. Sizes are determined by the speed demands 
of the equipment and the shafting. Pulleys are made of cast 
iron, paper, plasticized fabric, wood and steel. If chemical fumes 
or liquids come into contact with pulleys, they can be protected 
by special resistant paints or nonoxidizing coatings. 

According to Staniar it is essential to supply manufacturers 
with the following information when ordering pulleys: 

1. Service. 

a. Single or double belt. 

b. Horsepower. 

c. R.p.m. 

d. Character of service. 

2. Description. 

a. Solid, split, or clamp hub. 

h. Tight or loose. 

c. Flanged or special. 

3. Diameter. 

Diameter in inches at the top of the crown. 

4. Face. 

а. Crown or flat face. 

б. Width of face; check with width of belt according to type of belt 
and horsepower to be transmitted. 

5. Bore. 

Exact diameter of shaft in inches. 

6. Keyseat, or setscrewed. 

7. Pulley dimensions should be given in the following order: (1) diameter. 

(27 face and (3) bore, such as 24 by 4 by 2J^6 in. 

Relative characteristics of various types of pulleys are also 
given by Staniar. 

Belting. — Belt and cable driving of equipment is accomplished 
by leather, hair, stitched-canvas and rubberized-fabric belts 
and by rope and steel cable. For very dry places, oak-tanned 
leather belting is preferred, while rawhide or chrome-tanned 
leather or rubberized-fabric belt should be used for damp places. 
Oil and grease deteriorate rubberized belting. Canvas has the 
same strength as leather for belting but is more subject to shrink 
and stretch. Riveted or laced joints reduce the strength, while 
a properly cemented joint does not. Oak belting, when mineral 
tanned and waterproofed, is excellent for resisting deterioration 
from mineral oils, steam, moisture, acids, alkalies, etc., but is 
unsuited for high temperatures. Special coatings can be applied 
to belting to provide resistance against chemical gases and 
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liquids. Canvas belt treated with cellulose solution is serviceable 
when exposed to sulfuric acid fumes. Characteristics of each 
type of belting are given by Staniar together with methods of 
cementing, servicing and belt fastening; also formulas for power 
transmitted. 

Belting Requirements. — It is nocc^ssary to determine the 
following values when studying belt reciuirements for a specific 
job. 

1. Belt speed. 

2. Horsepower. 

3. Width of belting. 

4. Arc of contact. 

5. Effective pull when arc of contact is not 180 deg. 

6. Size and speed of pulleys. 

These can be determined by calculation' as follows: 

1. To find the bolt speed in feet per minute, multiply the diameter of the 
pulley in inches by 3.1410 and again by the number of r.p.m. of the pulley, 
and divide by 12 to get the result in feet i)er minute. 

2. Using the diaineter-revolution-velocity diagram of Fig. 37 for belt 
and pulley, a graphic solution is obtained by use of a straightedge, connect- 
ing diameter of pulley with r.p.m. and reading speed in the middle column. 
Likewise, either diameter of pulley or r.p.m. can be determined if any two 
values are known. 

3. To find the horsepower of belting, for open drives without idlers and 
pulley diameters nearly equal, for single belts, multiply the belt speed in 
feet per minute by the width of the belt in inches and multiply that product 
by 55. Divide this product by 33,000. The quotient will be the horse- 
power that any good single belt will safely transmit. To find the horse- 
power of double and triple belts, multiply the result obtained for single 
belts by 1.5 for double, or by 2 for triple belts (see Table 34). 

4. To find the width of belting, multiply the given horsepower by 33,000, 
and divide this product by the product of the belt speed in feet per minute, 
multiplied by 55 for single, 83 for double, or 110 for three-ply belt. The 
quotient will be the width of the belt required. (Alignment charts for belt 
horsepower are also in use.) 

5. To find the arc of contact on the smaller pulley, for an open drive 
without idler pulleys, multiply the difference between the diameters of the 
pulleys in inches by 4.75, dividing the product by the distance between the 
pulley centers in feet, and subtracting the quotient from 180. The result 
is the arc of contact in degrees. 

6. To find the effective pull where the arc of contact is not 180 deg., 
multiply the arc of contact, determined in accordance with (5), by 55, and 


' **Belt Users* Book,** p. 112, J. C. Rhoads & Sons, Chicago, III., 1929. 
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divide the product by 180. This is for single belts. Multiply by 1.6 for 
double belts. Multiply by 2 for triple belts. 

Electrical Charge on Belting. — Electricity of high voltage 
can be generated on a moving power belt owing to (1) friction 

Diometer of Pulley Veloci+y of Belt Revolutions of Pulley 



Fia. 37. — Diameter-revolution-velocity diagram for belt and pulley. (/. C. 

Rhoads A Sons.) 


of the belt on the pulley, (2) separation of the belt from the 
pulley, or (3) friction of the atmosphere on the belt. The pulley 
can be grounded, but the belt, usually a nonconductor, allows 
the potential to build up under some circumstances until sparking 
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occurs. Even with the precautions taken in closed systems of 
industrial chemical equipment, flammable and explosive vapors 
are at times in evidence in areas surrounding, or adjacent to, 
such apparatus, causing fire and explosion hazards when belting 
is the power-transmission medium. The use of good metallic 
pulleys, copper wire stitched into belting and a suitable belt 
dressing, of which there are several kinds, is recommended for 
discharging belt static. 


Table 34. — Horsepower Transmitted by Belts^ 
Pulley running at 100 r.p.m. 


Width of belts, inches 
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0.67 

0.86 

1.1 

1.4 

2.6 
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0.67 

1.0 

1.3 

1.7 

3.1 

2.0 

3.7 

2.9 

5.9 
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16 

0.76 

1.1 

1.6 

1.9 

3.6 

2.3 

4.2 
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6 7 

4.2 
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2.1 
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14 1 

1 9 
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4 4 
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4.2 

8.4 

5.2 

10 5 
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9.2 
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6.6 
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6.3 

12.6 

7.9 

16 7 

23.6 

27.5 

31.4 

35 3 
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4 3 
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5.1 

9 4 

7 5 
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9 4 

18 8 

28.3 

33.0 

37.7 

42 4 

42.7 

51.8 
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4.8 

8.7 

5.7 

10 6 

8.4 

16.8 

10.5 

20.9 

31.4 

36 6 

41.9 

47.’ 

52.4 

57.6 

62.8 
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10.5 
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37.7 
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50.3 

56.6 

62.9 

62.1 

75.4 
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6.4 

11.8 
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11.3 

22.6 

14.1 

28.3 

42.4 

49.6 

56.6 

63 6 

70.7 

77.8 

84 8 

60 




7.1 

13.1 

8.6 

14.7 

12.6 

24.1 

15.7 

31.0 

47.1 

55.0 

62.8 

70.7 

78 6 

86.4 

94.3 


1 Link Belt Co. 

Notb: S and D (for single and double) in above taUe refer to thickness of leather belting. 
4 ply. 6 ply, and 8 ply refer to thickness of cotton or rubber belting. 


Rope Drive, — The two types of rope drive are: (1) the Ameri- 
can or continuous-rope system, and (2) the English or multiple- 
rope system which consists of a series of ropes run side by side. 
The multirope system gives better assurance against a total 
breakdown, is flexible and easy to maintain, but requires more 
splices, does not provide for vertical transmission and presents 
difficulties in equalizing stresses between the ropes. Any 
quantity of power can be transmitted with rope drives, in any 
direction and over long distances. In the cdntinuous-rope 
system, an automatic tension carriage maintains uniform tension 
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in the rope regardless of stretch, temperature, air humidity oi 
variations in the load. Rope diameters are generally below 
in. In general, sheave diameter should be at least 36 times 
the rope diameter. Most transmission ropes are wire, cotton, 
hemp or manilla. Cotton is most flexible but also weakest. 

V-Belts and Sheaves.^ — The V-belt drive consists of a driving 
and a driven sheave, grooved for one or more belts of trapezoidal 
or similar cross section. The power is transmitted by the wedg- 
ing contact between the continuous belts and the V-shaped 
grooves providing a transmission of 98 per cent of the power. 
This type of drive enables the motor to be placed close to the 
driven sheave, operating on unusually short centers with con- 
siderable space economy. Also, this type of drive provides for 
efficient and dependable transmission of power in speeds from 
1 : 1 to 10 : 1, can be run with slack either on top or bottom, can be 
installed with the center line on the horizontal or the vertical, or 
inclined at any intermediate angle, with no slap, hum, or clicking. 
Cog type V-belts take care of the tension and compression phases 
in the circling of the belt. The belts cushion the shock of start- 
ing, accelerating, stopping or changing the load, and provide a 
steady and smooth flow of power, thus protecting the motor. 
The sheaves come in stationary- and variable-pitch grooves, the 
latter caj)able of making speed changes of from 33 ^^ to 100 per 
cent. Multiple-belt drives provide continuity of operation even 
if one or more belts fail for a short time until replacement of 
missing belt members can be conveniently made. 

Chain Drives. — Chains may be used when a positive, high- 
efficiency drive is desired, and when the distances between the 
shaft centers are too short to use belts and too long for toothed 
gearing. The types in use are steel roller, malleable iron detach- 
able and silent chain. These chains can also be made of stain- 
less steel. Monel metal, nickel or bronze. The silent chain 
combines the best points of leather belts and cut gears, minus 
their disadvantages. All leather or rubber belt drives creep or 
slip, varying with atmospheric conditions, unbalanced loads or 
frequent pulsations. This is true whether flat or sheave type 
pulleys are used. Tightening the belt to reduce slippage brings 
unnecessary and extra strains on the bearings, increases frictional 
resistance and wastes power. The silent-chain drive is built up 
with projections which serve as teeth and mesh with metal spur 
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gears. (See Perry^s ^‘Chemical Engineers^ Handbook/’ pp. 
2519-2520.) 

Gear Reduction Units. — Gear reduction units are commonly 
divided into three general groups and these are designated as 
spur, bevel and worm and worm wheel. A special form of the 
first is the herringbone. 

The development of gear reduction units for power trans- 
mission has resulted in a wide choice of mechanisms now avail- 
able. Gear units not only eliminate the dangers from static 
electricity incident to belting in the presence of flammable 
vapors, but also give the required accuracy of speed on certain 
types of apparatus. Owing to the complication of certain 
processes, the available space for transmission purposes is small 
and frequently the reduction ratio from power source to applica- 
tion is high. Or, speeds of rotation must be capable of instant 
change, with an accuracy down to fractions of a revolution. 
These are the exacting demands made on power-transmission 
mediums by the modern chemical manufacturing plant. It 
is obvious that belting, shafting, pulleys and ordinary open 
gearing can play only a small part in such transference of power. 
Trade catalogues of gear-reduction-unit manufacturers generally 
list ratios, horsepowers and speed capacities of their respective 
units. 

According to Staniar (Perry’s Chemical Engineers’ Hand- 
book,” pp. 2513-2515) ratios in single reductions up to 7 : 1 can be 
efficiently handled by belting, chains, or open gearing. In the 
spur-gear reduction unit, ratios from 1 : 1 to 500:1 are obtainable 
in one casing. The modern single worm-gear reduction unit 
should not be used for ratios over 70 or 80:1. Higher ratios up 
to 5,000 and 10,000: 1 can be obtained by the use of the double 
worm-gear reducer, or by coupling two single reducers in tandem. 
The worm-gear reducer delivers its power at right angles to the 
power input. Since in many installations of chemical equipment 
this is not feasible, the spur-gear reduction unit, which reduces 
in a straight line, must be used. 

Succesvsful and satisfactory operation of gearing of all kinds 
depends upon proper alignment and rigid support to maintain 
the alignment, so that the teeth will properly mesh together 
and minimize vibration, which would cause chattering and 
excessive wear. 
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Variable-Speed Mechanism. — Variable-speed motors, with 
the exception of those of special design, are not applicable for 
chemical installations where a considerable speed range is 
necessary. Therefore, manufacturers of power-transmission 

Table 35 

Information Sheet 

Data for guidance in designing an American System Rope Drive for 


Date Address 

Answers to the following questions should be made as fully as possible. 
If space is too small in any case, use a separate piece of paper, designating 
the answer thereon by the proper question number. This information will 
be sufficient for all ordinary drives, especially if accompanied by a simple 
sketch on the back of this sheet. For more complicated situations we will 
send a condpetent representative to secure necessary data. 


Fill out and mail to Dodge Manufacturing Co., Mishawaka, Ind. 


Whac is the horse power required? 


2. What is the motive power; steam engine, gas engine, 
water wheel, lineshaft, etc.? 


3. If steam engine, what type and size? 


4. If gas engine, what cycle and how many cylinders? 


6. What is the speed of the driving shaft? 


6. What is the speed of the driven shaft? 


7. Are the^hafts parallel?, 


8. Are either or both shafts horizontal or vertical? 


9. If both horizontal, are they on the same level? 


10. If not on same level, which is the higher and how 
much? 


11. What is the distance on centers of driving and driven 
shafts? 


12. What is the largest diameter of wheel that can be 
placed on driving shaft? 


13. What is the largest diameter of wheel that can bo 
placed on driven shaft? 


14. May the ropes run direct between driving and driven 
sheaves, or must they run over, under or around 
obstructions? Give directions and distances. 


16. Must the rope turn any angles? If so, describe 
them, stating degrees, distances, etc. 


16. Will the rope be exposed to the weather or entirely 
under cover? 


17. Where may the tightener and tracks be placed most 
conveniently? 


18. What are the directions of motion for driving and 
driven shafts? 
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machinery have developed what are called mechanical speed 
transformers, of which the Reeves type is an example. This 
machine consists essentially of two parallel shafts mounted in a 
rigid frame, each of which carries a pair of cone-shaped disks 
with their apexes facing inwardly so as to form together a spool- 
shaped pulley. An endless belt, wedge shaped in cross section, 
passes around the two spool-shaped pulleys formed by the two 
pairs of disks. The effective diameter of these pulleys is depend- 
ent upon the separation of the component disks. This is con- 
trolled at will by the operator, one pair increasing in separation 
by an amount equal to the decrease of the second pair upon 
adjustment. Such a drive may be operated equally well when 
mounted upon the floor, ceiling, or vertically against the wall or 
against the frame of the driven machine. 

Data Required. — An information sheet typical of the sort 
of detailed information necessary in designing or ordering a 
mechanical power-transmission system is given in Table 35. 



CHAPTER VIII 

DEVELOPMENT OF THE DESIGN PROJECT 

A thorough study of the development of a chemical engineering 
plant project, from the conception of the idea through to the 
successful establishment of a chemical manufactory, involves 
more than is within the scope of this book. The essential plan 
of designing a chemical plant does not include the detailed study 
of markets, and hence such a study will only be dealt with briefly 
to show the position of such studies among the technical factors 
in project development and plant design. 

A clear and concise statement of the project with all specifica- 
tions for the plant process, all laboratory data, and any other 
pertinent chemical or engineering facts must be presented to the 
chemical engineer designer before he begins his study of the 
project. Together with the process data supplied by the research 
and the development laboratories, and the semicommercial plant, 
the designer must consider how to coordinate the economic and 
technical factors. Definite principles should be followed. 

Feasibility. — Perry, in Table 36, presents an outline of pre- 
liminary feasibility study which contains the sequence of items 
that must be taken into consideration before a new chemical 
product can be successfully developed and marketed. He states 
that a seasoned chemical engineer of broad experience and sound 
business judgment can do more to promote the economic develop- 
ment of new products than perhaps anyone else in the organiza- 
tion of the company. 

Table 36 . — Outline of Preliminary Feasibility Study^ 

I. Consider all possible reactions. 

(a) List by classes or types and/or individual reaction, the reasons for 
or against the utility of each reaction or class of reaction. 

11. Recommend reaction or groups of reactions selected for laboratory 
investigations — with reasons therefor. 

III. Economic factors for preliminary consideration. 

(a) Raw materials. 

Availability ; 

J. H., Chtm. Eng,, 48 , 75 (1936). 
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Table 36. — Outline of Preliminary Feasibility Study.' — (Continued) 
Quality: presence or absence of deleterious or valuable impurities 
and their effect on use as crude materials; 

Quantity: present and future supply; 

Freight rates: to consuming points; 

(h) Thermodynamics of reaction or reactions with : 

Summary of pertinent physical and chemical properties of reactants 
and products; 

Equilibrium involved; 

Yields probable; 

Optimum conditions for optimum yields; 

Cost of raw materials per pound of product at probable yields. 

(c) Suitable materials of construction of probable utility. 

(d) Markets: uses of products (and by-products) — 

Present and possible; 

Extent of present markets with statistics. 

(e) Estimates of the present and possible costs of production of prin- 

cipal competitors. 

(/) Probable percentage of present United States production and of 
imports that are possible for proposed process or product. 

(g) Detailed estimate of production cost of proposed product by 

selected reaction or reactions. 

(h) Sales and sales service — customer research. 

Is cost of introduction likely to be excessive? 

(i) Shipping restrictions and containers. 

(j) Effect of storage upon product. 

(k) Safety and fire hazards of raw materials, production processes, 

by-products and products. 

(l) Estimate of investment for plant and auxiliaries. 

(m) Probable profits. 

Margin of profit per pound of product; 

Total profit probable under optimum and probable conditions; 
Probable return on the investment; 

Does it warrant further consideration and immediate experimental 
research and/or development? If immediate further develop- 
ment is not desirable, when and what change of present con- 
ditions are necessary or desirable before further development is 
attractive? 

(n) If immediate development is desirable: 

Outline questions to be answered, and facts to be secured by further 
research and developments. 

Indicate the crucial data and information that are lacking. 

(o) Plant location. 

IV. Final report to management with copies for research, production and 
sales executives. 

1 Pbrry, J. H., Chem . MeL Eng.t 48, 75 (1936). 
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It is of considerable importance to a careful survey to stress the 
factors that will play an important role, not only in the design 
itself but also in the construction and operation of the chemical 
plant. Plant design not only must be technically satisfactory 
but must also be economically satisfactory; the goal of the design 
is to secure a workable plant with the maximum return on the 
necessary investment. Any plant design must also consider the 
safety factors not only for the sake of its workmen but also 
for the public at large, the equipment, the plant and the product. 
The general wheel outline as presented in Fig. 38 brings out an 
interrelation of the various factors. Each individual design of a 
chemical plant is usually a highly specialized case, and a detailed 
generalization scheme cannot be outlined that will be in its 
entirety a thorough coverage of the requirements of all chemical 
plant design problems. 

I. TECHNICAL FACTORS 

Markets. — Market surveys are generally made by the trade or 
market survey department or division of the company, or they 
can be obtained from special trade survey consultants or organiza- 
tions that have been established in various parts of the country to 
provide complete reports on any commodity, its uses, forms, 
quality, quantities, availability to location, import and export 
data, tariffs, trade agreements, consumer testing consumption, 
production and distribution. This applies not only to finished 
products but likewise to raw materials and by-products. 

Flow Diagrams. — To the design engineer a flow sheet of equip- 
ment and materials in process is considered the first clarifying 
step. This is a transposition of the research and development 
laboratory notes and reports into the terminology of the engineer. 
The flow diagrams present a picture of materials flow, process 
operation flow, process equipment flow, materials handling, 
storage, future plant expansion and labor, water, power, and fuel 
requirements. From this picturization the departments, the 
possible sequence and number of units required and the distribu- 
tion of labor are evident. The materials balance and an energy 
balance are worked out, and the quantitative interrelationships 
are then presented on the flow sheets. 

Equipment. — Performance and service are demanded from 
all equipment. Much valuable information for the selection of 
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equipment is available from manufacturers of equipment. Much 
of the equipment for materials handling and for unit operations 
and processes is standardized, and, whenever such equipment 
serves the purpose, it is selected in preference to special designs, 
thus substantially lowering the cost, providing for ready dupli- 
cation of equipment, and availability of repair parts. One 



Fia. 38. — Plant design factors. 


should not hesitate to meet any problem that requires a special 
design and the use of special materials even if it is considered 
that a new design is an experiment for the manufacturer and 
the user. The changes in demands and services for commodities 
sooner or later lead into pioneer fields of equipment design. 
Manufacturers hesitate to use a new material on a standard 
design, since either a change in process equipment to meet a 
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satisfactory compromise with the manufacturer, or an exhaustive 
pilot-plant study must be undertaken. 

Plant Layout. — Plant layout or economic arrangement of 
equipment follows selection of type of equipment. Arrange- 
ments of equipment even for the same process are varied and 
generally are an expression of some architectural inclinations 
of the designer, not always resulting in as economical and prac- 
tical organization as would be possible if layouts and arrange- 
ments of similar or allied plants as published in current literature 
were studied and improvements made upon such layouts, if 
changes are deemed necessary. Accessories and control devices 
are essential to effective operation of equipment and flow of 
process. The operation of a proposed piece of equipment or 
process is studied carefully. Frequently the proper arrangement 
of equipment effects a material saving in labor. 

Buildings. — The chemical processing and the materials handled 
govern the general design requirements of buildings. Careful 
attention is given to the arrangement and layout of the equip- 
ment, and then a building is considered as surrounding all this 
assembly or only such portions as require housing. In chemical 
buildings, special attention is given to foundations for building 
and equipment, sanitation and plumbing, the type of floor, 
structural frame, walls, roof, fume handling, explosion possibili- 
ties, lighting, ventilation, drainage, heating, air conditioning, 
fire protection, and power-plant orientation. The types of 
buildings and the service requirements for each can be supplied 
by the industrial building manufacturers. The building serves 
as a protective cloak to be used as shelter for equipment or 
operators. 

Location. — In general, the following items are considered vital 
in plant location: Proximity to market, raw materials, trans- 
portation, labor supply, water supply, power supply, economic 
interrelation with other industries, and specific plant require- 
ments. There are other plant and process location matters that 
are of real importance to, and exist as real responsibilities of, the 
chemical plant design engineer of commercial plants for the 
manufacture of chemicals and chemical formulations, such as 
land, local ordinances, public improvements, utilities, waste dis- 
posal and climatic condition. All the factors that enter into the 
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problem of plant or industry location also affect the choice of 
local sites, and must be considered by the design engineer. 

Development. — One of the clearest expositions of chemical 
engineering development is one given by Whiting^ who divides 
the evolution of the process into five definite stages: 

1. Laboratory stage. 

2. Small-sized model. 

3. Large-sized or development unit. 

4. Semieommercial plant. 

5. Commercial plant. 

Whiting^s observations may be summarized as follows: 

The first step in testing the correctness of the underlying technical 
principles is to conduct such experiments as may be necessary for a full 
preliminary study of the technical side of the problem in hand. It is 
not the function of the laboratory to produce accurately the condition 
of practical work, but rather to enable the experimenter to test out the 
fundamental principles on a small sCale with a correspondingly small 
outlay of time and money. The aim should be, therefore, to isolate the 
idea, to divorce it from any conditions which may be misleading in their 
effect and, also, to subject it to a severe test to determine its stability. 

The novelty of the process must be investigated by a thorough 
study of the state of the art in textbooks, periodicals, patent office 
records, etc., an undertaking which requires time and patience and not 
a little self-control. And just as important as the search covering the 
novelty of the process is a study to determine whether the basic com- 
mercial conditions surrounding it are sound, that is, whether the raw 
materials required are to be obtained at a reasonable price and in suffi- 
cient quantities, whether the operation is likely to involve any overly 
hazardous conditions, and whether there is a permanent market of 
sufficient size and stability for the product. From a practical stand- 
point, it is useless to spend time and money on a process not com- 
mercially sound, but this is being done constantly by inventors all over 
the world. 

Development passes to the small-scale or small-sized model 
when the laboratory yields satisfactory results. In order to 
facilitate the study of each operation variable, the design of the 
small model plant should be simple and flexible to meet the 

^ Whiting, J., Eighth International Congress of Applied Chemistry, 21, 
203 (1912). 



168 CHEMICAL ENGINEERING PLANT DESIGN 

great variety of conditions that should be investigated to deter- 
mine optimum operating conditions. The small plant, moreover, 
should be large enough to permit the manufacture of sufficient 
quantity of the product to enable the experimenter to determine 
its quality, to permit the use of commercial materials, and to 
ascertain the effects of impurities on the success of the process. 
With increase in size, the optimum operating conditions as deter- 
mined for the small plant may not hold true. Consequently, 
flexibility in design is still a desirable thing in a large size or 
develooment plant. According to Whiting, this is the most 
critical stage in the whole program of development. At 
this stage of development a broad knowledge of engineering 
materials and fundamentals, and of other aspects of design, is 
of greatest assistance. In order to obtain engineering data 
essential for the pilot-plant investigation of the commodity 
selected, the following considerations may be important. ^ 

1. Procedure essentials. 

2. Raw material characteristics. 

3. Chemical flow sheet, 

4. Corrosion characteristics. 

5. Effect of impurities. 

6. Heat considerations. 

7. Unit operations required. 

8. Material handling. 

9. Storage. 

10. Engineering flow sheet. 

The Pilot Plant. — The pilot plant serves as the second valuable 
adjunct for the chemical engineer, and all data must be available 
to him. In addition, the pilot plant must at all times answer 
and solve problems of application of materials of construction, 
incidental speeds of reaction, time, temperature, heat transfer 
and other items that escape initial observation in the laboratory. 
The laboratory and the pilot plant together must serve as poten- 
tial sources of information, even if analytical, control, research 
and development work have been finished on the problem. 
Whiting states that ^*at the beginning of this stage it is necessary 
to consider a new and very necessary element of success — money. 

1 ViLBRANDT, F. C., Ind. Eng, Chem.^ 81, 253 (1939). 
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The first three stages consume large amounts of time and energy, 
but little hard cash/^ 

The pilot-plant space should be large enough to permit manu- 
facture of a sufficient quantity of product to enable the experi- 
menter to determine its (luality, to permit the use of commercial 
materials and to ascertain the effects of impurities on the success 
of the process. Flexibility in design is desirable. The layout 
for this stage should consist of units large enough to give informa- 
tion on variations in the proportions and conditions of opera- 
tions, without consuming large quantities of material.^ 

The pilot-plant stage should determine such factors as: cost of 
operation, proper methods of transportation around the plant, 
the optimum balance between production capabilities of the vari- 
ous pieces of equipment, flow relations, industrial hazards, possi- 
bilities of creating a public nuisance, reclamation of valuable 
by-products, and the disposal of large tonnages of waste. The 
pilot plant must solve problems concerning materials of construc- 
tion, incidental speeds of reaction, time, temperature, heat trans- 
fer and other items that have escaped previous observations. 
Its product is salable, and the unit can serve as the source of 
supply for consumer testing. Even after the commercial plant 
is erected, the pilot plant should remain available for some time 
for the study of possible changes in the process, without costly 
interference with production in the commercial unit. 

A mathematic approach to the conversion of pilot-plant data 
to full-scale production has been proposed by Edge worth- John- 
stone^ and Damkohler^ on the principle of similarity. 

The Commercial Plant. — If the process can survive the exact- 
ing tests of semicommercial operation, and estimates indicate 
that the production cost will be sufficiently low, the last and final 
stage of development — the full-sized commercial plant — may be 
carried out with the assurance that all the risks, both technical 
and economic, have been minimrzed. The size of the plant will 
depend upon the requirements set forth in the original demands 
for the design of the plant. 

This final step is the coordination of all chemical and engineer- 
ing data obtained and their translation into a definite organized 

^ ViLBRANDT, F. C., Chem. Met, Eng.j 42 , 554 (1935). 

* Trans, Inst, Chem, Engrs, (London) j 17 , 129 (1939). 

® Zeit. Elektrochem.y 42 , 846 (1936). 
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unit. Access must be had to trade literature for selection of 
types and specific pieces of equipment. Capacities and perform- 
ance are studied. Preliminary layouts are attempted, and the 
best flowing arrangement obtained. Organization of the equip- 
ment by means of template gives a picture of the possibilities of 
different layouts. After arriving at the most desirable layout, 
actual drawing of the plan and elevation of the assembly is under- 
taken followed by preconstruction costing. In order to design 
a commercial unit, including housing for the production of the 
specified commodity, the following considerations are important:^ 

1. Specifications of equipment. 

2. Specifications of materials. 

3. Selection of commercial equipment. 

4. Plan. 

5. Elevation. 

6. Location of plant. 

7. Operating instruction for labor. 

8. Selection of personnel. 

9. Preconstruction costing. 

10. Production costs per unit of material. 

Cooperation in Development. — At this point in plant design 
it is essential in most cases to obtain suggestions and criticisms 
from the pertinent personnel of various departments for a consulta- 
tive review of all facts and data to be us(‘d in plant design. It is 
also essential to have available the services of the control labora- 
tory or some of its personnel designated for specific duty for the 
process design in connection with the testing of the products and 
materials. 

The research chemists who have been carried along with a 
process and those who have been in charge of the semiworks and 
pilot plant and the semicommercial plant will be used in a 
principal supervisory role in such final designs. Furthermore, 
their detailed experience with the process in question necessitates 
that they be held responsible for many or most of the decisions 
regarding the final plant design. The experience and judgment 
of all company employees who have had specific experience with 
any of the unit processes, unit operations, auxiliaries, or special 
equipment used or proposed for use in the proposed plant and 
processes must be utilized to the fullest possible extent. An 

1 ViLBRANDT, F. C., Ind. Eng. Chem.^ 81, 253 (1939). 
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excellent guide and check list showing the steps in the develop- 
ment and introduction of new products in process industries 
through production and marketing has been prepared by the 
editorial staff of Chemical & Metallurgical Engineering ^ 

11. ECONOMIC CONSIDERATIONS 

Costs. — A compilation of all data relative to cost of raw mate- 
rials^ land, buildings, labor and supervision, equipment, legal 
fees, taxes, insurance, interest, etc., should be obtained by the 
designer on a preconstruction cost accounting basis as a fore- 
runner to actual operation cost accounting if the project proves 
financially feasible. The purpose and result of preconstruction 
cost accounting for the design engineer is to permit the making of 
a report, showing what possibilities exists for profits and earnings 
under proper management, even before the investment is made. 
Cost data can only be current and must be modified as price 
conditions vary, but in competent hands, current cost data are 
us('ful and serves their purposii — that of indicating possible profit, 
or stopping further expenditure if the venture labels itself as 
uneconomic. 

Many correlations are available for graphically indicating the 
interrelationships of such items as sales costs, materials cost, 
and fixed costs. The limits of profitable and unprofitable opera- 
tions are thereliy identified. Items for consideration in full costs 
are classified as (a) costs for raw materials, fuel, power, water, labor, 
supervision, packaging and shipping; {b) fixed charges for works 
and main office overhead, sales costs, technical research, deprecia- 
tion, taxes and insurance; (c) equipment costs; and (d) real estate 
costs (see Chap. XI). 

Costs in Safety. — The hazards present are a direct function of 
fire insurance rates that can be obtained. A decrease of the 
hazards may effect important savings in the insurance items of 
the overhead costs. In this connection, it has been known that 
the cost of a complete automatic sprinkler system has been 
entirely defrayed by the resulting decrease in fire insurance rates. 
Such protective schemes and equipment are not so easily paid for, 
but they frequently can be justified on economic grounds alone. 
Hazards also involve loss of production and men^s service as well 

1 Chem, Met. Eng.j 43, 2 (1936). 
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as imgairment of product quality; reduction of hazards thus 
becomes an economic problem. 

m. SAFETY CONSIDERATIONS 

It is important that engineers continue to recognize safety 
and fire hazards of the processes they are operating. From 
every standpoint, these hazards are a liability, and their actual 
and potential costs must be emphasized in process thoughts and 
plans. The chemical industries today, through their medical, 
safety and fire protection departments, have intensively investi- 
gated hazards of all kinds, and much information and data 
thereon are available. There is, then, every incentive and a 
real necessity for including a survey of safety and fire hazards 
in a study of chemical and chemical engineering processes or 
individual pieces of equipment. 

Building and Process Equipment. — Rational plant design is 
concerned with safety factors^ and with the need for minimizing 
such building and equipment hazards as corrosion, fire and 
explosion, and personal hazards from fume and poison. Process 
leaks and spillage hazards are quite common in chemical plants, 
and measures should be considered in design to minimize such 
hazards. Equipment hazards, hazards due to bad lighting 
for operation of equipment, reduction of corrosion through 
selection of proper materials or by providing proper guards 
come under the jurisdiction of safe practices (see Table 37). 
The relation of equipment hazards to personal hazards is self- 
evident, and proper design considers not only process flow, 
but the course of action of the operators and other personnel 
in a plant. Also, it must be concerned with the disposal of 
wastes as affecting persons outside the jurisdiction of the plants. 
The effect of zoning ordinances and other legal restrictions to 
operations cannot be minimized; no matter how highly satis- 
factory a process and a design of a plant for operating such 
process may be from the technical and economic viewpoint, the 
safety and disposal measures if not properly attended to may 
effectively trip up the entire design. 

Labor Relations in Safety. — Most public and private enter- 
prises are cognizant of their moral and ethical responsibilities 
toward those who have placed their health, welfare and livelihood 

* Kbbfbr, W. D., Chem. M^U Eng,j 46 , 334 (1939). 
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Table 37. — Major Safety and Fire Hazards 
Process Location: 

Hazards of corrosion, health, explosives and fire to adjacent life and 
property. 

Buildings: 

A. Arrangement and height for economies of space and production and, 
simultaneously, maximum safety and fire protection. 

B. Type of construction and fire walls, barricades, etc. 

C. Clearances — railroads, overhead and side clearances; widths of doors, 
walkways, windows, etc. 

D. Water supplies — ^primary and secondary, fire mains, hydrants and 
hoses. 

B. Contiguous electrical hazards — ^high-tension lines, substations, etc. 

F, Ventilation. 

G. Illumination. 

Processes: 

A. Leaks and spillages — gas or liquid leaks, foams, sprays and mists. 

B. Toxic Vapors — possible hostile legislation. 

C. Closed systems^ or efficient ventilation. 

D. Combustion — spontaneous and flammable materials. 

1. Raw materials. 

2. Intermediate materials. 

3. By-products. 

4. Finished products. 

E. Flash and fire points and ignition temperatures. 

F. Explosions and detonations — vapors, dusts, etc. 

G. Rupture of vessels. 

H. Decomposition of materials. 

/. Static electricity. 

Equipment: 

Types — Location; guarding; controls; tools; first aid. 

in their hands. Safety and fire hazards are potential deterrents 
to the maintenance or attainment of optimum technical effi- 
ciencies and of desirable quantity of product. If any hazards 
are known and if proper safeguards or protection are not pro- 
vided, the psychology of the operator will frequently be such 
that his attention will be drawn thereto and, to that extent, 
withdrawn from his immediate duties. As his attention is 
taken from his real job and duties, his efficiency and therefore 
the efficiency of his operation will decrease, resulting in the 
improper discharge of his duties and, through improper washing, 
filtration, drying, heating or any other of the more or less essen- 
tial operations of a chemical process, may result in an unsatis- 
factory product. 
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A study of the cause of injuries in 50,000 major and minor 
industrial injury cases reveals that 30 per cent are due to faulty 
instruction, 22 per cent to inattention, 14 per cent to unsafe 
practice and 12 per cent to poor discipline, whereas 12 per cent 
are due to inability, physical and mental unfitness of the employee, 
and only 10 per cent to mechanical hazards. 

If the man or men, who have been specially trained for a 
particular job or jobs, are temporarily or permanently removed 
from the operation as a result of ill health, accidents, or fires, 
the operation of such a process suffers. Therefore, the costs 
of an operation or process may be increased appreciably in a 
large number of ways, particularly as regards the items mentioned 
above, viz,, loss of production, impairment of product quality, 
insurance costs, disability claims, loss of service of trained 
men and the costs of training other men. 

Sanitation. — Sanitation in the plant as affecting conditions 
outside the plant is a process problem, and care must be taken 
in considering (1) the potable water supply and its protection 
from contamination by the plant or outside sources, (2) the 
personal plumbing, (3) the drainage, and (4) waste and sewage 
disposal. 


IV. LEGAL PHASES 

Patents. — The patent situation pertinent to any product, 
process, equipment, use or application of any commodity should 
be considered by the legal department concurrent with the 
design. The commodity or processing for the commodity 
may be so involved in patents that one could not i)roceed with 
the actual production and distribution. Not only existing 
patents, but patents in interference and under adjudication, 
and patents pending must likewise be considered by the legal 
department. Patents available by purchase and lease and 
by participation in patent pools are considered as safeguards for 
carrying out a plant design. Trade-marks and copyrights 
are likewise property that must be recognized and properly 
protected through legal agreements carried out by the legal 
departihent. 

Infringement. — A search in the Patent Office is made during 
which every feature (even the apparently unimportant details 
are frequently of real importance) of each logical division or 
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step of the process is studied. In this search, both the expired 
and the unexpired art must be included, the expired art to 
indicate what can be done legitimately and the unexpired art 
to indicate the limitations or restrictions on what can be done 
legitimately. If unexpired patents are found which would be 
infringed by the desired process, then a study of their validity 
and scope must be made with reference to the expired patents. 
As regards infringement, it should be emphasized that no 
unexpired patent can cover the material disclosed in an expired 
patent except by the well-known legal procedure of combining 
items, that were previously known, to make a new contribution 
of knowledge. If a single expired patent can be found that 
covers the process desired for use, there is no reason why the 
process cannot be legitimately and safely used, at least from 
the patent standpoint. The determination of the scope and the 
validity of a patent with respect to its infringement is a question 
of law, and, as such, it should be undertaken by someone who 
is conversant with such matters and, preferably, one who is an 
experienced patent attorney before any definite action is taken. 
But, the patent attorney should not be relied upon for the 
technical information involved; the technical aspects belong 
in the sphere of the technical man. If the proposed process 
is new, it is desirable that it be protected by patent or patents 
as completely as possible from a monopolistic standpoint. Such 
patent protection is essential. 

Public Relations. — The legal department should acquaint 
itself with all local, state and Federal laws that pertain to the 
manufacture of the commodity, its transportation and applica- 
tion, atmospheric^ and stream pollution through the disposal 
of wastes, and the possibility of claims for injury, death, or 
disabilities in connection with the production and use of the 
commodity to be manufactured. The design engineer should 
be made acquainted with all such legal entanglements, so that 
he may advise the legal department and be properly advised 
in connection with pertinent details of design to ameliorate 
probable hazardous conditions and unsafe practices. 

Contracts. — The design engineer leaves all contracts to the 
legal department, but, for purposes of acquainting himself 

1 ViLBRANDT, F. C., and J. R. Withrow, Trans, Am, Inst, Chem, Engrs.^ 
IS, ii, 43 (1921). 
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with limitations that may later arise in the fulfillment of his 
design project, he should recognize the detailed contractual 
relations that must be promulgated for actual commodity 
production. 


DESIGN OPERATION ORGANIZATION 

Check Diagram. — The check diagram (Fig. 39) should be 
used to ensure complete consideration of all items for a depart- 
mental sequence. Each of the responsible executives of an 
organization is concerned with the problems in his particular 
sphere of activity. Individual plants have departments or 
divisions additional to those indicated in Fig. 39, whereas others 
use combinations or other terms. To ensure progress and a 
vigorous and healthy prosecution of the project, an executive 
conference of the various chiefs in each of the above groups is 
called at frequent intervals. When the executive conference 
decides that the investigations warrant a step forward toward 
commercial plant realization, the project is then turned over to 
the engineering department for detail design. 

Conference Board. — The conference board undertakes an 
extensive and careful planning of the plant, generally divided 
into the following: equipment, layout and elevation, service 
demands, building, operation, and personnel. The equipment 
studies are delegated to the engineering research personnel, 
the service demands to the plant engineering department, the 
building to the construction division — as also the layout and 
elevation — which the operating department should be called on 
for experienced advice for handling the personnel and the 
production. 

The infoimation that should be available at this stage is as 
follows: 

1. Complete lists of all the plant and equipment required, so 
far as is known at this stage. 

2. A site layout showing the sidings, roads, buildings, points 
of entry of water supply, electric and gas supplies (if any), 
effluent and sewage outfalls, and the general run of underground 
piping, including drains. 

3. Particulars of the dimensions of the various buildings, 
length, breadth, number of floors, height to eaves, and floor 
loadings; decisions regarding the type or types of buildings to 
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Fiq. 39. — Organiiation. check plan. {Courtesy of Department of Chemical 
Enoineeringt Virginia Polytechnic Institute,) 
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be used, t.c., whether steel encased in brickwork, steel 
framed with brick panels, ferroconcrete, etc. 

4. Particulars of the services required and their distribution 
to the various buildings, e.g.y quantities of steam per hour at 
various pressures, electric power, feed and cooling water, etc. 
This information should be supplemented by charts or curves 
showing the load factor and times of peak load throughout the 
day and week for all services both in summer and winter. 

Construction.^ — Now, the whole job may be placed in the 
hands of a firm of consulting engineers and architects, who will 
prepare all drawings and specifications, place all contracts, and 
be responsible for the proper carrying out of the work at all 
stages; or the company places all contracts both for buildings 
and plant direct; its own technical staff prepares all drawings 
(apart, of course, from contractors^ drawings) and specifications 
and supervises all work on the site, thus making the company 
responsible for the correct carrying out of the work. This 
arrangement has the advantage that no consultants^ fees are 
payable and that the directors of the company are in a much 
better position to control expenditure and make sure that sub- 
contracts are placed on the most advantageous terms. There 
is also considerable saving in time, provided, of course, that an 
adequate and efficient staff is available to cope with the work 
expeditiously. There are, of course, various intermediate ar- 
rangements between these two extreme methods. For instance, 
an architect may be employed to look after the building 
work only, while the company takes on the plant and equip- 
ment; or a firm of consultants may be called in to handle the 
power plant, or the construction of a deep-water wharf, 
or some other specialized part of the work. The help 
of specialists who are not consultants can often be used 
effectively. For instance, some of the reinforced concrete 
specialists will undertake the design of reinforced concrete 
foundations and provide working drawings, provided the rein- 
forcing steel is obtained from them, and the big steel structural 
firms will always be prepared to design steel framed buildings 
to any given requirements. 

Operation. — After construction the first step consists in the 
servicing of the plant by means of the operating and techno- 
logical departments. A cooperative effort to tune up the plant, 
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test all equipment and the process, and prepare for the routine 
of operation and control shortens the trying period of breaking 
in the process. Some modifications and changes may become 
apparent, and the decision to alter or proceed again should be 
decided by conference. After routine production sets in, the 
sales, shipping, accounting and other executive functions proceed. 

SOURCES OF INFORMATION 

Textbooks. — Data can be secured through the use of pub- 
lished information. In order properly to arrive at correct 
quantitative data, the chemical engineer must have a thorough 
knowledge of the principles of chemical engineering. To utilize 
the fundamental equations for purposes of calculation is essential; 
reference to any one or all of the textbooks on principles and 
elements of chemical engineering is the first prerequisite of a 
chemical engineer. Principles of Chemical Engineering,^^ by 
Walker, Lewis, McAdams and Gilliland,^ “Elements of Chem- 
ical Engineering by Badger and McCabe,^ “Applications of 
Chemical Engineering,” by McCormack® and “Handbook of 
Chemical Engineering” by LiddelP are standard reference 
textbooks. 

Handbooks. — Chemical engineering handbooks, such as Perry^s 
“Chemical Engineers^ Handbook,”® are the next references 
for information of a general nature that might be applicable 
to the process in hand. In addition, many manufacturers of 
chemical equipment supply information in tables which enable 
the engineer readily to find data he may need. Unfortunately 
there are insufficient data of this sort available completely to 
cover the field of chemical engineering on all problems, so again 
recourse must be made to the basic principle formulas. Some 
computations of data in tables can be found in the chemistry, 
physics, chemical engineering, architectural, civil and mechanical 
engineering handbooks. Any such aids are not only desirable 
but essential. 

^ 3d ed., McGraw-Hill Book Company, Inc., New York, 1937. 

* 2d ed., McGraw-Hill Book Company, Inc., New York, 1939. 

3 1st ed., D. Van Nostrand Co., Inc., New York, 1940. 

^ 1st ed., McGraw-Hill Book Company, Inc., New York, 1922. 

® Perry, John H., editor, 2d ed., McGraw-Hill Book Company, Inc., 
New York, 1941. 
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Intimate knowledge of the contents of the various handbooks 
comes only with frequent contact; the chemical engineer should 
avail himself at all times of the opportunity to consult and use 
the standard handbooks. Such handbooks as Marks^ Mechan- 
ical Engineers’ Handbook,”^ Kidder-Parker’s ^‘Architects and 
Builders’ Handbook, ’’^ “Handbook of Chemistry and Physics,”^ 
“Handbook of Chemistry,”^ “Handbook of Engineering Fun- 
damentals,”^ and Olsen’s “Chemical Annual,”® belong to this 
list. One or more of these tools are found in every chemical 
engineer’s library. 

The “Chemical Engineering Catalog.” — The Chemical Engi- 
neering Catalog’^ serves as the best reference book on manufac- 
turers of chemical engineering equipment and products. This 
catalogue often includes sufficient information in the material 
presented by the subscribing advertisers to answer the equip- 
ment-selection problem. 

The Chemical Engineering Catalog is published annually. At 
the present time (1941-42) it includes five indexes, m 2 . : (1) alpha- 
betical index of firms represented; (2) trade-name index; (3) 
equipment and supplies index; (4) chemicals and raw materials 
index; and (5) technical and scientific book index. Unfortu- 
nately the Chemical Engineering Catalog is incomplete inasmuch 
as not all manufacturers of chemical engineering equipment, sup- 
plies, chemicals and raw materials advertise in it. Nor does it con- 
tain the voluminous quantity of data, direct and relative, that 
is contained in the mass of literature sent directly by manu- 
facturing companies. To include all this information would 
make the catalogue cumbersome; therefore, the selection of 
material to be included depends upon the judgment of the 
advertising companies and of the advisory committee that aids 
in editing the catalogue. 

1 Marks, L. S., editor, 4th ed., McGraw-Hill Book Company, Inc., New 
York, 1941. 

* Kidder, F. E., and H. Parker, 18th ed., John Wiley & Sons, Inc., New 
York, 1931. 

* Hodgman, C. D., 25th ed., Chemical Rubber Publishing Company, 
Cleveland, 1941. 

* Lange, N. A., Handbook Publishing Co., Sandusky, Ohio, 1941. 

* Eshbach, O. W., 1st ed., John Wiley & Sons, Inc., New York, 1936. 

* Olsen, J. C., editor, 7th ed., D. Van Nostrand Company, New York, 
1934. 

The Chemical Catalog Company, Inc., New York; published annually. 
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Trade Literature.^ — There is a great profusion of trade litera- 
ture consisting of pamphlets, circulars, bulletins and catalogues, 
containing information such as advertising claims, applications, 
specifications and other pertinent information on all types 
of chemical engineering equipment and materials. That the 
data and information contained in these pamphlets, circulars 
and bulletins are quite valuable will be attested to by anyone 
who has had occasion to design a plant, a piece of equipment 
or a process; or who has wished to purchase a new or replace an 
old piece of equipment, or to obtain information on chemical 
products. Many of these pieces of literature are comprehensive 
treatises on the theory and application of the equipment which 
their issuers have for sale. To the chemical engineer, the per- 
formance data and dimensional drawings contained in some of 
these pamphlets are of inestimable aid in the ready solution of 
his design and process problems. This follows in part from the 
fact that he depends upon and uses standard-designed equipment 
whenever a satisfactory product is available, resorting to specially 
designed parts and units only when a standard design does not 
fit his need. 

Chemical Engineering Publications. — It should be pointed 
out that the rapid advances in our chemical industry have placed 
it in a situation where the designer must keep up with the very 
latest data which may in any way become useful to him, not 
only in the present problem but also in any likely future work in 
his line. In particular, chemical engineering periodicals, and 
other publications devoted to his branch of engineering, are in a 
position to bring him the latest practical results of experimental 
designs in other lines. Transactions of the American Institute of 
Chemical Engineers and the magazines Chemical & Metallurgical 
Engineering^ Chemical Industries, and Industrial and Engineering 
Chemistry are at present the outstanding American sources of 
information on progress in the chemical engineering field. 

General Periodicals and Publications. ^ — In lieu of the strictly 
chemical engineering books a number of sources of general 
information are called upon not only to perform their own rightful 
functions but also to compensate for the lack of information not 
found elsewhere. These most useful divisions of sources of 

^ ViLBRANDT, F. C., J. Chem, Educ., 10, 354 (1933). 

* Field, Crosby. Chem, Met. Eng., 38, 190 (1931). 
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information include: (1) publications of chemical and chemical 
engineering societies; (2) bulletins of manufacturers of chemicals; 
(3) bulletins of the manufacturers of special materials and 
metals; (4) publications of university laboratories; (5) pamphlets 
from industrial and trade associations and industrial institutes; 
(6) government publications from various bureaus such as 
Chemistry and Agricultural Economics in the Department of 
Agriculture, Census, Mines, Patents and Standards in the 
Department of Commerce, Internal Revenue in the Treasury 
Department and the U. S. Tariff Commission. 

Plant Visits and Expositions. — Another group of information 
services that should be assiduously cultivated for general infor- 
mation, but only rarely renders available specific data to aid in 
solving a particular problem, includes visits to process plants, 
expositions and other demonstrations. It is indeed rare that 
opportunity affords visits to plants making the same products, 
but there are elements of similarity in most plants that are of 
considerable value. The exposition is of value principally in 
the opportunity it affords to study the latest developments in 
equipment, products and materials. 

Equipment Manufacturers’ Laboratories. — A service that can 
be of great value and yet is frequently the most dangerous is the 
equipment manufacturer's demonstration laboratory. The dan- 
ger lies principally in the attempt to use it instead of the pilot 
plant. It would be much safer if the miniature equipment 
could be transported from the manufacturer’s laboratory to the 
private plant, used and returned. 

Personal Experience. — The last information service to be 
specifically mentioned is the engineer’s personal experience. It 
should be applied last, but it is most important. Attempts have 
been made to publish certain standardized specifications for 
mechanical equipment, but so far this has not been done in a 
general fashion for a large number of types of chemical equip- 
ment; so it is still the fundamental job of the engineer to make 
his own check list. This should contain details of the specifica- 
tions, and in particular should have underscored the obvious 
details most frequently omitted. 

All these tools must be used with keen judgment. It is rare 
indeed that an engineer makes an error of commission, i.e., rare 
for him to make a mistake in a detail of design that he should not 
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have made in the light of his experience. The most frequent 
errors are those of omission, where some vital factor not pre- 
viously met in the engineer's experience steps in and invalidates 
a design that would otherwise have proved meritorious. Experi- 
ence, especially the broadening kind in fields other than the 
particular one containing the problem on which the engineer is 
at the moment working, is a shield against such dangers. 
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FLOW DIAGRAMS 

Supplied with the proper information, a statement of the 
problem, and access to chemical-laboratory and pilot-plant 
data (see Chap. VIII), the chemical engineer next devotes his 
attention to the development of flow diagrams. For the pre- 
liminary stage there are three of these showing: (1) the flow of 
materials or chemicals through the process; (2) the sequence of 
chemical engineering unit operations involved; and (3) the 
equipment to be used in the process. In the case of the last, 
specific equipment is not always indicated, especially where a 
choice of several types accomplishing the same unit operation is 
available. As an indication of the principal sorts of equipment 
used in 80 of the most important unit operations, Table 38 is 
presented. It will be observed that there is often considerable 
latitude of choice, but this will usually be narrowed by the cir- 
cumstances of the individual problem. 

These three diagrams are called qualitative flow diagrams 
and after careful development of each, the three are correlated 
into one; this will show the kinds of raw materials entering the 
process, the sequence of manufacturing processes and the equip- 
ment to accomplish these operations, as well as the paths by 
which intermediate and finished products emerge from the 
process. 

The flow of materials in process will indicate the departments 
needed and possibly the approximate sequence and number of 
units. It must be borne in mind that preliminary findings will 
be subject to some necessary modifications as details develop 
and as handling and manufacturing arrangements are determined 
more definitely. Only through such flexibility will it be possible 
to obviate impracticable building considerations or to fit the 
process into an existing structure. 

Occasionally the chemical nature of the material processed 
is such as to require special attention. In such cases it is desir- 
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FERMENTING ROOM 




Fio. 40. — Qualitative flow diagram 6f a modem molasses distillery. {Q, T. Reich, 
Chem, & Met. 41 , 64, 1934.) 







Table 38 . — Classification of Unit Operations and Equipment^ 
Clusiflcation of Unit Operations Equipment 
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Mechanical {Settling and Decanting). 

Sedimenting Settling basins, tanks, vats, thickeners. 

Liquids settling Settling tanks with multiple or swing draw-off pipes. 

Centrifugal settling Continuous, semi-continuous (Rotojector), and batch centrifugals and centrifuges with solid baskets, cyclones. 
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able to divide the flow diagram into several parts and thus to 
separate from the more advanced and less changeable section 
that portion which is apt to require frequent modification. 
The chemical engineer should develop the technique of orienting 
subservient details around those operations, pieces of equipment 
or chemical reactions which cannot be modified. In other words, 
it is essential to determine tlTe more rigid details and then develop 
the flow diagram around these less adaptable items. Figures 
40 and 41 are picturizations of complete qualitative flow dia- 
grams. Here the procedure of operation and equipment sequence 
is presented as a whole, for study and for subsequent guidance 
toward the quantitative flow diagram. Qualitative flow dia- 
grams or flow sheets can be found for a large number of the 
chemical process industries in industrial chemistry texts; an 
excellent compilation of 120 condensed flow sheets, with data on 
raw materials and service requirements, has been published by 
Chemical & Metallurgical Engineering. Reference should also 
be made to a monthly series of pictorial flow sheets beginning with 
the January 1939, issue of the same magazine. 

Quantitative Flow Diagrams, — With a complete equipment 
flow diagram available, the next consideration must be given to 
size of equipment, quantities of materials in the process and 
other service requirements. Calculations are made concerning 
storage containers for raw material, intermediate and finished 
products. All heat-transfer needs in individual pieces of equip- 
ment are determined. Consideration is given to the flow of 
liquids, gases or solids in pipes, flumes, ducts, drains and equip- 
ment. Demand is calculated for water, steam, gas and air, 
and for electricity for power, light, ventilation, fume elimination 
and materials handling equipment. 

The next step in the organization of data in rational plant 
design is to include in the equipment flow diagram all quantitative 
data acquired. This will enable the chemical engineer to have 
clearly before him the coordinating units in the flow of materials 
through the process, i.e.j the quantitative data in connection 
with each step (see Fig. 42). A checkup of the quantitative 
flow diagram will indicate in what parts of the process informa- 
tion is still lacking. With a complete flow diagram of this 
sort, the chemical engineer is ready to proceed to the next 
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Fig. 42 . — Pictorial quantitative flow sheet for soybean-oil deodorizing; plant. 
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step in design — selection of standard equipment from trade 
literature. 

Project Data on Materials. — In order to show how data are 
used in the solution of a design project, the following section on 
the design of a ferrous sulfate plant gives detailed calculations 
used in determining the requirements of individual pieces of 
unit operations equipment. 

Project A — Ferrous Sulfate Recovery Plant 
Design a plant for the recovery of ferrous sulfate contained in the waste 
pickling liquors resulting from the pickling of steel in a galvanizing plant. 
There is available 85,500 lb. per day of waste liquor. The recovered product 
is to be in the form of ferrous sulfate heptahydrate crystals. 

A. Laboratory and Semiworks Data. 


Composition of the waste pickling liquor: 

FeS04, per cent 25 

H2SO4, per cent 2 

Free from sludge. 

Gravities of solutions at critical points: 

Waste pickling liquor, at 175°F 1.216 

Neutralized liquor, at 136.5®F 1.222 

Evaporated liquor, at 169®F 1.360 

Mother liquor from centrifuges, at 75*^1^' 1 .255 

Sludge from filter press, at 136.5®F 1.750 

Temperatures at critical points: 

Pickling solution available at 175°F. 

Liquor from second evaporator 169°F. 

Liquor from crystallizer 75°F. 

Mother liquor from centrifuges 75°F. 

Cooling water 68 F. 

Room temperature 60°F. 

Solubility and other data: 

FeS04.7H20, at 75°F 73.8 g. per 100 g. water 

at 169°F 198.5 g. per 100 g. water 


Crystal yield, cooling from 169®F. to 75°F. . 124.7 g. per 100 g. water 


Crystals from centrifuge carry 5 per cent water 
Crystals from drier are essentially dry heptahydrate 
Yield of heptahydrate considered to be 100 per cent. 

Analysis of scrap iron: silicon 0.6 per cent 

carbon 0.5 per cent 

Retention time for neutralization 48 hr. 

Heat of formation of FeSOi in solution, per Ib.-mol — 8,110 B.t.u. 

Heat of crystallization of FeS04.7H20, per Ib.-mol 167,760 B.t.u. 
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Weight of FeSOi.THjO, dry crystals 66 lb. per cu. ft. 

wet, centrifuged 72 lb. per cu. ft. 

Steam conditions: 

At 15 lb. gage, 249.7°F., latent heat of vaporization 945.3 B.t.u. 

At 2 lb. gage, 218.4°F., latent heat of vaporization 966.2 B.t.u. 

At 18 in. vacuum, 169°F., latent heat of vaporization 996 B.t.u. 

Heat-transfer coefficients: 

Film coefficient, inside tubes, 6 ft. per sec 805.4 

outside tubes, 1 ft. per sec 126 

Coefficient for cast iron 36 

for copper 238 

Over-all coefficient, open tank, natural convection 25 

evaporator 300 

forced convection^ inside pipes 200 

Specific heat of solutions, assume 1.0. 


B. Reaction Calculations (Basis: 24-hr. Operation). 

Waste pickling liquor: 

FeSOi = 25 per cent = 85,500 X 0.25 = 21,375 lb.* 

H,S04 = 2 per cent = 85,500 X 0.02 - 1,710 lb. 

Water = 73 per cent = 85,500 X 0.73 = 62,415 lb. 

Total = 85,500 lb. 

Neutralized pickling liquor: 

Fe + H2SO4 = FeS04 + H* 

55.84 + 98.08 = 151.90 + 2.016 

" 55 84 

Fe needed to neutralize free acid = 1,710 X “ ^74 lb. 

H2 evolved as gas = 1,710 X = 34 lb. 

FeS04 added = 974 + (1,710 - 34) = 2,650 lb. 

Total weight =» 85,500 -f 940 =* 86,440 lb. 

Filter-press sludge: 

Carbon and silicon are precipitated from scrap as solid carbon and 


silica in a sludge. ' 

Carbon = 0.5 per cent 974 X 0.005 — 4.8 lb. 

60 

Silicon 0.6 per cent =» 974 X 0.006 X ^ = 12.3 lb. 

Total sludge » 17.1 lb. 

Water removal: 

Ferrous sulfate heptahydrate 

as FeS04 in original pickling liquor 21,375 lb. 

as FeS04 added by neutralization 2,650 lb. 

Total lb. 


24,025 X - 44,000 lb. 


as FeSO«.7HO 
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Neutralized liquor 86,440 lb. 

Therefore, water to be removed is 86,440 — 44,000 »= 42,440 lb. 
Crystals from centrifuge contain 5 per cent water 
Therefore, weight of crystals from centrifuge is 


44,000 X 


1 

i.OO - 0.05 


Then, water to be removed in drier is 46,310 — 44,000 =* 
And water to be removed in evaporators = 40,130 lb. 


= 46,310 lb. 
2,310 lb. 


Mother liquor: 


Solubility of heptahydrate at 169°F 198.5 g. per 100 g. HjO 

at 75°F 73.8 g. per 100 g. H2O 

Crystals removed 124.7 g. per 100 g. HjO 


Mother liquor weighs 44,000 X ^ = 61,320 lb. 

70 Q 

FeS04.7H20 in mother liquor = 61,320 X = 26,038 lb. 

FeSO« = 26,038 X = 14,217 lb. 


Centrifuged crystal mass: 

2,310 lb. water on centrifuged crystals hold in solution FeS04.7H20 

70 Q 

equal to 2,310 X = 1,704 lb. 

Therefore, dry crystals = 44,000 — 1,704 = 42,296 lb. 

And mother liquor on crystals == 2,310 + 1,704 or 4,014 lb. 


C. Proposed Equipment Flow Sheet. 

The waste pickling liquor should be placed in storage to allow for several 
days’ accumulated supply and to mix with mother liquor from the centri- 



Fia. 43. — Equipment flow diagram for ferrous sulfate recovery. 


fuges. This mother liquor remains constant in quantity from day to day, 
servdng as a carrier for the ferrous sulfate dailv processed. From the reser • 
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voir the liquor is to be pumped to neutralizing tanks, where scrap iron is 
added for neutralization, the hydrogen being allowed to go to waste. After 
remaining in contact with an excess of iron for 48 hr., the neutralized liquor 
is to be pumped through a filter to remove insoluble impurities. The clear 
liquor is then to be evaporated in a double-effect evaporator to saturation 
at 169®F., after which it is to be pumped into a crystallizer and cooled down 
to 76°F. It is then to be centrifuged, the wet crystals passed through a 
rotary drier and thence to storage, while the swing-off liquor is returned 
as the mother liquor to the storage reservoir. 

On the basis of this plan of procedure, the equipment flow sheet of Fig. 43 
has been set up. 

D. Material Balance (Basis: 24-hr. Operation). 

Reservoir. 


Entering 



Leaving 


New liquor 


As liquor 



FeSOn 

21,375 lb. 

FeS04 


. 21,375 lb. 

H,0 

62,415 



26,038 

H,S04 

1,710 

H 2 O 


. 62,415 

Total 

85,500 lb. 



35,282 

Mother liquor 


H 2 SO 4 .... 


1,710 

FeS04 

26,038 lb. 

Total . . . 


. 146,8201b. 

H,0 

35,282 




Total 

61,320 lb. 




Grand total 

146,8201b. 




Neutralizing tanks. 





Entering 



Leaving 


As liquor 


As liquor 



FeS04 

47,413 lb. 

FeS04 


47,413 lb. 

H,0 

97,697 



2,650 

H,S04 

1,710 

H,0 


97,697 

Total 

146,820 lb. 

Total . . . 


147,760 lb. 

As scrap iron 


As sludge 



Fe 

9741b. 

Sludge. . . . 


17 lb. 

Impurities 

17 

Total . . . 


147,777 lb. 

Total 

991 lb. 

As H 2 


34 

Grand total 

147,811 lb. 

Grand total . 


147,811 lb. 

Filter presses. 





Entering 



Leaving 


As liquor 

147,7601b. 

As liquor 


. 147,7601b. 

As sludge 

17 

As ctdce 


17 

Total 

. 147,7771b. 

Total 


. 147,7771b. 
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Evaporators. 


Entering 


Leaving 


As liquor 


As liquor 


FeS04 

50,063 lb. 

FeS04 

50,063 lb. 

H,0 

97,697 

H 2 O 

57,567 

Total 

147,760 lb. 

Total 

107,630 lb. 



As vapor 




H 2 O 

40,130 lb. 



Total 

147,760 lb. 

Crystallizers. 




Entering 


Leaving 


As liquor 


As heptahydrate crystals 


FeSO. 

50,063 lb. 

FeS04 

23,130 lb. 

H 2 O 

57,567 

1120 

19,166 

Total 

107,630 lb. 

Total 

42,296 lb. 



As liquor 




FeS04 

26,958 lb. 



H 2 O 

38,376 



Total 

’ 65,334 lb. 



Grand total 

107,630 lb. 

Centrifuges. 




Entering 


Leaving 


As heptahydrate crystals 

As crystalline mass 


FeS04 

23,130 lb. 

FeS04.7H20 

42,295 lb. 

H,0 

19,166 

As occluded liquor 


Total 

42,296 lb. 

FeS04.7H20 

1,704 lb. 

As liquor 


H 2 O 

2,310 

FeS04 

26,958 lb. 

Total 

46,310 lb. 

H 2 O 

38,376 

As mother liquor 


Total 

65,334 lb. 

FeS04 

26,038 lb. 

Grand total 

107,630 lb. 

H,0 

35,282 



Total 

61,320 lb. 



Grand total 

107,630 lb. 

Drier. 




Entering 


Leaving {to storage) 

As crystalline mass 


As dry crystals 


FeS04.7H20 

42,296 lb. 

FeSO«.7H,0 

44,000 lb. 

As occluded liquor 


As vapor 


Fe804.7H20 

1,704 lb. 

H 2 O 

2,310 lb. 

H,0 

2,310 

Total 

46,310 lb. 


Total 


46,310 lb. 



202 


CHEMICAL ENGINEERING PLANT DESIGN 


£. Flow of Materials. 


Material 

' Weight, 
pounds 

1 Volume, 
cubic feet 

Volume, 

gallons 

Reservoir 




Pickling liquor 

85,500 

1,128 

1 8,440 

Mother liquor 

' 61,320 

790 

6,910 

Neutralizing tank 




As liquor 

146,820 

1 1,918 

14,350 

Scrap iron 

991 

2 


Hydrogen gas loss 

34 



Filter press 




Liquor 

147,760 

1,920 

14,350 

Sludge 

17 

neg 


Evaporator 



Entering liquor 

147,760 

1,920 

14,350 

Exit liquor 

107,630 

1,277 

9,304 

Exit vapors 

40,130 

643 

5,041 

Crystallizer 




Flowable mass 

107,630 

1,277 

9,304 

Centrifuge 




Entering mass 

107,630 

1,277 

9,304 

Exit crystal mass 

46,310 

643^ 


Exit mother liquor 

61,320 

790 

5,910 

Drier 




Entering mass 

46,310 

643 


Exit vapoYs 

2,310 

37 

280 

Exit dry crystals 

44,000 

667* 







1 Copperas, centrifuged, weighs 72 lb. per cubic foot. 
* Copperas, dry, weighs 66 lb. per cubic foot. 


F. Reservoir Calculations. 

Assume storage desired for 3 days, supply of liquor and the mother liquor 


for 1 day of plant run. 

Mother-liquor volume 790 cii. ft. 

Pickling liquor, 3 days at 1,128 cu. ft. per day 3,384 

Total liquor 4,174 cu. ft. 

Factor of safety, 10 per cent 417 

Desired capacity of reservoir 4,591 cu. ft. 


Assume circular reservoir desired, to be built partly below ground level, 
with acidproof brick lining, backed by common brick, diameter equaling 
the depth, curb 1 ft. above ground level. 

Trd% ird^ 

“T" “ “T 


Volume of reservoir 


4,591 cu. ft. 
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Then d * 18.002 ft. 

Therefore, diameter of reservoir = 18 ft. 
and depth {h) =18 ft. 

Excavation = 7rX9X9X17 = 4,325 cu. ft. 

= 160 cu. yd. 

• 1 xr 1 2X4X8 1 

Bncks. Volume = — T'JtoB — = cu. ft. = a. 

IfiZo Zi 

Let i — thickness, or ^ ft. 


- Volume bricked up 7nrd 2ih 

J hen side of reservoir requires: ■ , y -, — = — 

Volume of brick a 

. a e • Volume bricked up 7r(dl2)H 

and floor of reservoir requires: = ■■ ■ ■ ■ - 

Volume per brick a 

Number of common bricks required for side = 

27r X 9 X 18 X H 


Vzi 

/ 18\2 

and for floor = tt X ( ^ ) 


^ 3 ^ 1/27 


Total 

Number of acidproof bricks required for side = 


2. 17.67 X f 

and for floor 


Total 

Allowing for breakage, 2 per cent. 

Then, common bricks = 11,445 X 1.02 = 11,670 
and acidproof bricks = 10,789 X 1.02 = 11,005 
Heat loss in reservoir: 

Average room temperature 

Temperature of incoming pickling liquor 

Returning mother liquor 

Hence, mixed pickling and mother liquor = 

(3 X 85,500 X 175) -h (61,320 X 75) _ 

(3 X 85,500) + 61,320 

Heat loss = ^ ^ U AM (where U is 250 

u 


9,156 

2,289 

11,445 

8,663 

2,126 

10,789 


60°F. 

175°F. 

75°F. 


Then ^ = 25)r9* X (156 - 60) 

u 

= 610,740 B.t.u. per hr. 

n. . j 24 X 610,740 

Temperature drop = 250 ^ 5 ^^ = ^6 K 

Therefore, temperature of liquid leaving reservoir is 110®F. 


1 Appendix A, Table VII. 
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G. Neutralizing Tank Calculations. 

Neutralization requires 48 hr. Allow 12 hr. for filling and 12 hr. for 
emptying or a cycle per tank run of 72 hr. Each tank is to hold day^s 
supply of liquor. Therefore, four tanks will be in the neutralizing stage, 
one tank emptying and one tank filling, or a total of six tanks. 

Assume a volume of scrap iron to be placed in each tank in large excess, 
and a daily charge of iron consumed in the neutralization added to this 
residual mass; mass of the excess scrap is to be equal in volume to liquor in 


tank. 

1 128 

Volume of pickling liquor per 12 hr. = 564 cu. ft. 

790 

Volume of mother liquid per 12 hr. = = 395 

Total liquor 959 cu. ft. 

Volume of scrap iron (same as liquor) 959 cu. ft. 

Necessary volume of tank 1,918 cu. ft. 

Allowance for safety, 10 per cent 192 

Actual volume of tank 2,110 cu. ft. 


= 15,182 gal. 

Selection of tank (see trade catalogues): Available as standard, a Hauser- 
Stander redwood tank, 3-in. staves, round, 16,000 gal. capacity, diameter 


16 ft., height 12 ft., weight 3,400 lb. 

Weight of neutralizing tanks: 

Tank 3,4001b. 

Pickling liquor 42,750 

Mother liquor 30,660 

Scrap-iron, 959 X 450 431,550 

Pitch for lining 140 

Total 508,500 lb. 

Six tanks, 508,500 X 6 3,051,000 lb. 

Heat loss in neutralizing tank : 

Temperature of incoming liquid 110®F. 

Temperature of scrap iron added 60®F. 

Time in neutralizing tank, 48 + 12 60 hr. 


Heat loss UAAt (where U is 25*) 

o 

Then ? - 25ir8‘ X (110 - 60) 

U 

— 219,920 B.t.u. per hr. 

Or, during period of standing in tanks, 219,920 X 60 « 13,195,200 
B.t.u. 

991 

Weight of iron added « = 495 lb. 

Heat loss due to iron « 495 X (110 — 60) X 0.1 2475 B.t.u. 


* Appendix A, Table VII. 
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Heat gain due to heat of formation of ferrous sulfate in neutralization 
(495 - 8) X 167,760 


55.84 


= 1,467,900 B.t.u. 


Total heat loss - 13,195,200 + 2,475 - 1,467,900 = 11,729,775 B.t.u. 
Temperature drop - 73 , 410 ^^ 0+495 “ 23.2“F. or 23»F. 

approximately 

Temperature of exit liquor =» 110 — 23 =* 87®F. 


H. Filter-press Calculations. 


Sludge to be eliminated per day totals 17 lb. from scrap, with a possible 
equivalent quantity from extraneous matter. Assuming press to be cleaned 
and flushed once per week, and the sludge to have a gravity of 1.75, then 
34 X 7 

volume of sludge will be ^" 75 ^ 5^ 4 ^ 

Assume an 18-in. press to be u.sed, fitted with 1-in. frames. 


Number of frames = 


2.19 


= 17.5 = 18 frames 


1.5 X 1.5 X H 2 

Selection of filter press (see trade catalogues) ; T. Shriver & Co. has avail- 
able cast-iron press with following specifications: 

Plate and frame, corner feed, four button, 1 in. 


Type 4 led washing 
Frames, 18 

Outside dimensions, 18 by 18 in. 
Capacity, 2.93 cu. ft. 

Heat loss in filter press: 

Q 


Filtering area, 70.2 sq. ft. 

Operating pressure, 150 lb. per sq. in. 
Weight, 2,300 lb. 

Floor area, 6 ft. 6 in. by 2 ft. 


Heat loss 


UAAtf where U = 3‘ 


Then ? - 3 X 4(1.5 X 3) + 2(1.5 X 1.5) X (87 - 60) 

= 1821 B.t.u. per hr. 

Temperature drop = 

Temperature of liquid leaving press = approximately 86®F. 


I. Evaporator Calculations. 

Ferrous sulfate not affected by heat; costs of equipment to be low; single 
effect normally satisfactory except that repair would occasion shutdown of 
plant. Suggest two effects, to be operated as multiple effects. 


Temperature of incoming feed 86®F. 

Temperature at exit, 18-in. vacuum 169®F. 

Liquor entering per day 147,760 1b. 

Evaporated liquor leaving per day 107,630 lb. 


^ Appendix A, Table VII. 
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Assume evaporation to be equally divided between the two effects, one- 
half the temperature drop in each effect, and the specific heat of liquor to 


be 1.0. 

Steam to be delivered at 15 lb. per sq. in 249.7‘'F. 

Latent heat of vaporization at 249.7°F 945.3 B.t.u. 

Tempeiiture drop through both effects 80.7®F. 

First-effect calculations: 


80 7 

Liquor in first effect = 249.7 ^ = 209.3°F. 

Pressure in first effect will be 14 lb. abs. or 1-in. vacuum. 

Latent heat of vaporization at 1-in. vacuum = 971.9 B.t.u. 

Heat required to raise incoming liquid = 

147,760 X (209.3 - 87) X 1.0 = 18,071,048 B.t.u. 

Heat required for evaporation = X 971.9 = 19,499,230 B.t.u. 

Total = 37,570,278 B.t.u. 

a* • i 37,570,278 ono lu 

Steam requirements « — — = 40,802 lb 
94o.o 

Heating area required : 

^ = UAMy where U is 300^ and is 40.4°F. 

u 

„ . _ 37,570,278 . 

Then, A 24 X 300 X 40.4 

Selection of evaporator: 

Trade catalogues reveal that a Swenson-Junior evaporator, with 6-ft. 
tubes, is available; horizontal tubes desired to facilitate cleaning. Tubes 
are madq^of admiralty metal, in. outside diameter, furnished in blocks 
12 by 12, or 144 tubes per block. 

Surface per lineal foot of f^-in. outside diameter tubing is 0.1963 sq. ft. 

129 4 

Length of tubing needed = ^^ 9 ^^ == 

Number of tubes = = 110 

o 

Provide 100 per cent overload, to operate system with single effect while 
one effect is under repair. 

Two blocks of 144 tubes each will suffice. 

Total installed tubes = 288 
Available area = 288 X 6 X 0.196 = 338 sq. ft. 

Second effect: 

Second effect is to be same size as first effect. 

Liquor in second effect = 147,760 — 20,065 = 127,695 lb. 
Temperature of liquor = 169°F. 

Temperature difference = 209.3 — 169 = 40.3°F. 

Heat input by entering liquor *= 

0.5 X 127,695 X 49.4 = 3,154,046 B.t.u. 


^ Appendix A, Table VII. 
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Heat input by latent heat in vapor from first effect 
= 20,065 X 966.2 = 19,386,803 

Total = 22,540,849 B.t.u. 

Loss by radiation (10 per cent) 2,254,085 

20,286,764 B.t.u. 

Heat required for evaporation: 

Latent heat of vaporization at 18-in. vacuum — 996 B.t.u. 

Then 20,065 X 996 X 1.0 = 19,984,740 B.t.u. 

Heating area required = ^ — UAM (where V is 150') 

0 


Then A 


19,984,740 X 1.1 
24 X 150 X 49.4 


131 sq. ft. 


Cooling water required : 

Cooling water supplied at 68®F. 

Assume a 5°F. differential. 

Then temperature of exit water is 169 — 5 = 164°F. 

Change in temperature of water is 164 — 68 = 96°F. 

w. ^ 19,984,740 X 1.1 oon aaa 

Water required per day = — = 229,000 


J. Crystallizers. 


Crystallizers to be batch type; two needed, welded construction. 

1 277 

Volume of liquid to be handled = — = 639 cu. ft 


Safety factor, 10 per cent = 64 

Total = 703 cu. ft. 

Dimensions.: 

Assume cone bottom, angle of 45 deg.; diameter (d) equal to height (h) 
at side. 


Then, volume = 

4 + ^ 


Therefore, d is 9 ft., and over-all height = 9 -f- 4 ft. in, = 13 ft. 6 in. 
Cooling coils required: 

Assume* tubes to be standard condenser tubes, %-in. outside diameter, 
inside sectional area, 0.302 sq. in., surface per linear ft., 0.1963 sq. ft., 
thickness of tubes, 0.065 in. 

Two concentric coils, outer row 1 ft. from outer wall, inner row, 2 ft. 
from outer wall. 

Heat to be eliminated in each crystallizer: 

Heat of crystallization *» — X » 641,570 B.t.u. 


' Appendix A, Table VII. 

* Badqbr, W. L., and W. L. McCabe: Elements of Chemical Engineering,^’ 
Appendix V, McGraw-Hill Book Company, Inc., New York, 1939. 
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Heat content of liquor - ^ 6,058,610 

Total B» 5,700,180 B.t.u. 

Cooling water supplied at 68®F. 

Temperature difference in coils and water = 5°F. 

Therefore, temperature of exit water « 169 — 5 « 164®F. 

And change in temperature of water « 164 — 68 *» 96®F. 

Cooling water required per day « - 59,377 lb. 

951 cu. ft. 

951 144 

Velocity through pipes = 24 x 60 X 60 ^0302 “ 


Velocity outside of tubes, assume 1 ft. per sec. 
Heat transfer, - = 


hi 


+ ^ -I- i 
^ fc, ^ h. 


Where hi =* internal film coefficient at 5.3 ft. per sec. 
kif for copper = 218^ 

htf external film coefficient at 1 ft. per sec. « 
Lit thickness of tube, = 0.0054 ft. 

5,700,860 A X 5 


Therefore, 


24 


(~ 

V800 


0.0054 

218 




- 8001 
1001 


And A « 437 sq. ft. 


Length of tubing needed =* 2,320 ft. 


Length of tubing in outer row of coils = 27r 

- 25.13 ft. 

/Q _ 2\ 

Length of tubing in inner row =» 2ir f — ^ — ) 

= 21.99 ft. 

Total 

= 47.12 ft. 

Number of coils =* ^ 

Weight of liquor - 

- 63,816 lb. 

Weight of coils = 2,230 X 0.514 

Assume crystallizer to be of %-in. thick steel. 

The volume of metal in cone and in cylinder 

- 1,1461b. 

3 f d Id’ ^ h^\ , 3 

8 X 12V’"2 V4 4y ^8 X 12 ^^ 2 '' 

8 X 12 X4^^ ^8 X 12 



- 21.7 cu. ft. 


1 Appendix A, Table VII. 



FLOW DIAGRAMS 


209 


Hence, weight = 450 X 21.7 =« 9,765 lb. 

Weight of coil supports and incidentals, estimated « 4,000 
Total = 68,726 lb. 

For an agitator,^ with wooden paddle arms, 45-deg. pitch, 30 r.p.m., 
the horse power required is 3. 


K. Centrifugals Calculations. 

Suggests two intermittent-type, self-balancing, suspended-basket, quick- 
dumping, belt-driven machines. One machine is to be loading, while the 
other is whizzing; each machine to be capable of 12 charges per hour. * 

To operate only during day, two 8-hr. shifts. 

Charges per day = 2X8X12X2 = 384 

= 280 lbs. 

790 
384 

46,310 


Nominal load per charge. 
Liquor per charge 


2 cu. ft. 


Crystal mass per charge = 


= 1.6 cu. ft. 


384 X 70 

Load volume = 3.6 cu. ft. 

Selection of machine: Standard size satisfactory; will be 30 in. diameter, 
requiring 3.3 to 4.0 hp. at 1,100 r.p.m.; weight, 1, 300 lb. 


L. Drier Calculations. 

Heat requirements: 

Assume specific heat to be 1.0; steam temperature, 212®F. 

Heat required to raise mass to temperature of steam = 

46.310 X (212 - 75) X 1 = 6,344,470 B.t.u. 

Heat required to evaporate water = 

2.310 X 945.3 X 1 = 2,183,643 

Total = 8,528,113 B.t.u. 

Steam requirements = = 9,022 lb. 

y4o.o 

Assuming drier efficiency of 60 per cent, therr steam consumption will 
be - = 15,032 lb. 

Selection: American Dryer, No. 2.. 8 hp. at 1 r.p.m. 

M. Auxiliary-equipment Calculations. 

Pipe for mother-liquor return; glazed soil pipe. 


Returned every 16 hr 790 cu. ft. 

Liquor discharge per centrifugal batch 2 cu. ft. 

Assume this is whizzed off in 3 min. : 


Flow will be ^ = 0.011 eu. ft. per sec. 


^ Perry, J. H., ** Chemical Engineers* Handbook,** 2d ed., p. 1561. 
McGraw-Hill Book Company, Inc., New York, 1941. 
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Smallest sized glazed soil pipe is nominal 2 in.; cross section will be 
0.022 sq. ft., and, at rate of 1 ft. per sec., this will carry 0.022 cu. ft. 
Conveyors: To carry dry FeS04.7H20 from bottom of drier to storage. 

44 000 

Operating 8 hr. per day capacity = ^ = 82. 1 cu. ft. per hr. 

Of.U X o 

Standard equipment available, steel spiral, 6 in. diameter, 30 r.p.m., 
delivery 90 cu. ft. per hr. 

Power formula = = 2.5 X g X 15 X 67 X ^ - 0.11 hp. 

where K =* constant, 2.5 
L = distance, 15 ft. 

W — weight per cubic foot, 67 lb. 

C = capacity of conveyor, 1.5 cu. ft. per min. 

Pumps: 

For pumping liquor from well to neutralizing tanks: 

To pump 8 hr. only. 

Volume of liquor per minute = b 

o X bu 

Design for 150 per cent overload, using 75-gal. pump. 

Liquid to flow through three ells, and elevate 35 ft., using 2-in. pipe. 
Head, at 1.222 sp. gr. = [35 + 0.21(35 -f 24)11.222 = 57 ft. 

Pump available: Duriron, self-priming, No. 80, series 80-84, belt 
driven, 2-in. suction and discharge, 10 hp. at 1,750 r.p.m., capacity 
15 to 150 gal. per min. 

For pumping liquor from neutralizing tanks to evaporator: 

Operating 24 hr. per day; centrifugal type. 

^ 14,350 . 

Capacity = 24 x " 6() ^ 

Design for 100 per cent overload, requiring capacity of 20 gal. per 
min. 

Head, at 1.222 sp. gr. and having one tee, six ells, filter at 30 lb. per 
sq. in. and an elevation of 10 ft. using 2J^-in. pipe ** [10 -f- 0.02 

(16 -f 48 -f 69 -f 10)11.222 = 16 ft. 

Selection: Gould centrifugal pump, No. 3480-1 J^; motor-driven; 2-in. 
suction; discharge; capacity 15 to 175 gal. per min.; 1,450 

r.p.m.; 2 hp.; weight, 700 lb. 

For pumping liquor from evaporator to crystallizers: 

Operating 24-hr.; centrifugal type. 

Capacity » ^ =» 6.5 gal. per mm. 

For 100 per cent overload, capacity « 13 gal. per min. 

Head, with one tee, one safety valve, four ells, and 30-ft. elevation 
using 2-in. pipe « [30 -f 0.001(16 4- 16 -f 32 -f 30)] 1.36 » 29 ft. 
Selection: Gould centrifugal pump No. 3085-2; motor-driven; 3-in. 
suction; 2-in. discharge; capacity 15 to 250 gal. per min.; 1,750 
r.p.m.; 2 hp.; weight, 600 lb. 



FLOW DIAGRAMS 

Spent. Picklin 0 Liquor 85,0001b. 

, SL — r”! /'^s€rvoir\ r 

5p.0r. 1.216 175 F. T/^cicI proof brickNl 

/ol ioi m.18ft depth 16 ff^ 


Mother Liquor 61,310 lb. 

. i^L — < ^ ML- 

5p.0r. 1.255 75®F. 


D / coip. 4,591 cu. ft. \ 

/ PickI i nq I iquor 85,500 ! b.\ 

jL iinn Fe504,2i:375lb.H^, 62,4151b. 

I H2S04, 1,710 lb. / 

/ Pump \ JlMother liquor 61,310 lb. / 
/Centrifu0oiip\FeSO4^6,O38H2O,35,282/ 

\ 309oil./mm.i \ Temp.110°F. / 


Scrcjip j 
iron ' 
991 lb. 
Fe,974 lb. 


6 Neutrd3(li2in0 Tanks, wooden, pitch lined 
Each 16 ft. diam. 12ft.deep 16,000 qal. cap. hold Vzd^ supply 
Periods killing 12 hr., neutralizing 48 hr., emptying iZhr. 
contain residue of 216 tons scrap iron 

Fe 504,50,063 lb. H 20,97,607 lb. Temp.67®F. Sp.gr. 1.222 


Filter Press 
18 "1 in. frames 
2.2cu.ftcap. 
Temp.86°F, , 


Dump weekly ^ 

Evaporator “ 1st. Effect 
Cl. body, horizontal 
288 ad mira It V metal tubes 
6ftlon0 2 in gage 218.4° F 
Fe504.50,0631b. H20, 97,697 


/ Pump \ 
/Centrifugan 
\ 10qal./min./ 

V 2hp. 7 


3h.p.30r.p.m. 



Evaporator “ 2nd Effect 
y Ca. body, horizontal 

I 288 admiralty metal tubes 

t20.065lb 6ftlonq 18in.vac.temp.1b9T. 

vapor Fe504 50,063 1 b. 5 p.qr. 1.360 
HzQ 57,567 lU 


2 steel Crystallizers diam. 13ft ^ 

overall depth 18ft6in cone bottom bft.G'n. \ / 

Crystals, FeS04,7H20 42,296 I b. Y 

Liquor, Fe504, 26,958 1 b. co 777 w i 

HeO, 38,3761b. ^ — 

Temp.TS'F. w 

V / — r 

2 Centrifuges 30 in.basket3.6cu.ft / b (S' 

12charges per hr. 16hrs operation \/ £5^ 

Crystal mass 42,296 lb. Y , 

Occluded liquor F€S04.7H201,704lli » 

— H20 , 2,310 lb. I — j-ML 


Spiral conveyor 1.5 cu.tt/min. 


Rotary drier 1 r.p.ra. 
FeS04,7Hz0 44,000 lb.8h.p 


-Quantitative flow sheet for a ferrous sulfate recovery plant (basis, one 
24-hr. day). 
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N. Steam Consumption. 

Evaporator 38,496 lb. 

Drier 15,032 

Other purposes 29,473 

Total 83,000 lb. 

O. Water Consumption. 

Evaporator 229,000 lb. 

Crystallizer 59,377 

Total 288,377 

= 34,210 gal. 

For washing, sanitation, drinking, and miscellaneous pur- 
poses (est.) 38,790 

Total 73,000 gal. 

P. Power Consumption. 

Pump for neutralizers 1 hp. 

Pump for evaporator 2 hp. 

Pump for crystallizers 2 hp. 

For drier 8 hp. 

For conveyor 0.2 hp. 

For agitator 3 hp. 

Total Ti^hp. 


16 2 

Kilowatt-hours per day = i 34 x 24 ~ kw.-hr. 

Q. Storage... 

Storage for heptahydrate for 30-day month, with 100 per cent overcapac- 
ity for headroom and work space. FeS04.7H20 weighs 67 lb. per cu. ft. 
Hence, capacity = 44,000 X 30 XK7X2=* 38,400 cu. ft. 

Floor area for 6-ft. pile = 44,000 X SO X Hi H =“ 3,284 sq. ft. 

R. Quantitative Flow Sheet. 

A summary of the information obtained from the preceding calculations 
has been entered on the quantitative flow sheet of Fig. 44. 

Pictorial Flow Diagrams 

Acetic Acid from Wood Distillation, Chem. Met, Eng,, 47, 349 (1940). 
Bromine From Sea Water, Chem, Met, Eng., 46, 771 (1939). 

By-product Coke, Chem. Met. Eng., 48, 12-104 (1941). 

Carbon Dioxide from Lime Kiln Gases, Chem. Met. Eng., 46, 97 (1939). 
Chemical Engineering Flow Sheets of Process Industries, Chem. Met. Eng. 

Supplement (latest revision, 1940). 

Chemical Stoneware, Chem. Met. Eng., 47, 637 (1940). 

Contact Acid from Pyrites, Chem. Met. Eng., 46, 477 (1939). 

Cyanamide Manufacture, Chem. Met. Eng., 47, 253 (1940). 
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Flash Drying of Sludge, Chem. Met Eng.f 48 , 1 — 108 (1941). 

Furfural Refining of Lubricants, Chem, Met Eng,^ 47 , 869 (1940). 

How Victor Makes Its Phosphates, Chem, Met Eng.^ 46, 269 (1939). 

Lactic Acid and Casein, Chem, Met Eng,^ 47 , 427 (1940). 

Laminated Phenolic Plastic, Chem. Met Eng., 47 , 183 (1940). 

Magnesium from Sea Water, Chem. Met Eng., 48 , 11 — 130 (1941). 

Making Alumina, Chem. Met Eng., 47 , 707 (1940). 

Modern Equipment Makes Better Paints, Chem. Met Eng., 46 , 157 (1939). 
Modern Molasses Distillery, Chem. Met Eng., 46 , 365 (1939). 

Modern Sugar Refining, Chem. Met Eng., 47 , 119 (1940). 

Phenol, Chem. Met Eng., 47 , 789 (1940). 

Phenolic Resin Production, Chem. Met Eng., 46 , 519 (1939). 

Producing Cellophane and Viscose Rayon, Chem. Met. Eng., 46 , 25 (1939). 
Purifying Cotton Linters, Chem. Met Eng., 48 , 4 — 108 (1941). 

Raw Sugar From Cane, Chem. Met Eng., 48 , 6 — 106 (1941). 
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SELECTION OF PROCESS EQUIPMENT 
GENERAL 

Standard Equipment. — The value of using standard equipment 
is well recognized in the chemical engineering field. Perform- 
ance and service are demanded from all equipment; mistakes in 
judgment are hazardous — and inexcusable — if service data on like 
equipment for a similar or related process are available. The 
experience of others is quite valuable and should be used as 
fully as possible. Since the good will of the chemical engineer 
is the aim of all equipment manufacturers, they are desirous of 
giving service. Much valuable information for the solution of 
problems is ready for the asking, available from manufacturers 
who see possibilities of placing orders for equipment. How- 
ever, they are equally anxious not to enter a field or process 
wherein they find that their equipment will not give satisfactory 
service. 

Special Equipment. — Although it is a chemical engineering 
axiom to select standard equipment whenever possible, often- 
times the engineer is confronted with the situation in which his 
problem requires a special design and probably the use of special 
materials. In such cases he must draw upon his training and 
experience to design the requisite equipment. To do this need 
not awe any designer; he has his specifications; he understands 
the rules of machine designing; all he needs to do is to apply 
himself to the task of converting his specifications into a line 
picture or workshop drawing which the shopmen can convert 
into a three-dimeusional piece of equipment. Much of the 
equipment for materials handling and for unit processes is 
standardized, and, whenever such equipment will serve the 
purpose, it should be selected in preference to special designs. 
Not only will the first cost be substantially lower, but the duplica- 
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tion of equipment and the making of repairs on old equipment 
will be made much easier. 

One should assure himself that he has completely exhausted 
the trade literature for his requirements before he embarks 
on the design of special equipment. Standard equipment has 
been tried out and has stood the rigorous test of service. It has 
produced results and it has gone through long periods of experi- 
mentation. Usually it is a result of many modifications of its orig- 
inal design. Standardization not only means a minimum cost in 
manufacturing, but also it means that a machine built according 
to standard methods and in standard sizes has usually been 
given the best of thought in its designing. Under such circum- 
stances, the manufacturers can and do deliver the equipment 
under a guarantee of satisfactory performance. A new design 
is as much an experiment for the maker as for the designer; it 
must stand up under use to acquire recognition for the giving of 
service. But when the engineer finds himself in a situation 
demanding the design of new equipment, he should have no 
hesitancy about executing the commission. 

Specifications. — Before one makes a search of the Chemical 
Engineering Catalog and the trade literature files, or before he 
corresponds with manufacturers of equipment, he should formu- 
late a carefully written specification in which ranges of perform- 
ance and other requirements have been carefully worked out. 
The writing of specifications^ must not be considered a special 
art, but rather a requisite of every chemical engineer. The 
specifications should contain all information deemed essential, 
including composition, physical and chemical characteristics of 
materials handled, kind and quality of service available, service 
requirements on the equipment, packing and marking of con- 
tainers, delivery requirements and quotations. Manufacturers 
of equipment for chemical engineering use ordinarily supply a 
form such as that shown in Table 39 in which are included the 
questions that the individual manufacturer deems sufficient, if 
answered, to supply him with the information he needs to satisfy 
the demands. However, as excellent as this service is, the time 
that would be lost in correspondence may often be saved by 
sending a well-written specification to the manufacturer. 

^ Kirkbridb, C., How to Write a Specification, Chem, Met, Eng., 34, 
670 (1927). 
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Table 39. — Specification Form 
Instantaneous Heater 

If you appreciate the advantages and superior construction of Alberger 
multi-head heaters, use the following in your next specification. 
SPECIFICATION — Alberger Buffalo 

Multi-head Heater 
Instantaneous Tjrpe 

TYPE AND S^ZB 

Furnish and install (in boiler room or elsewhere) as shown on drawings, 
one Alberger Buffalo Multi-head Heater of the closed water tube type, 
Size. . . .as manufactured by the Alberger Heater Company, Buffalo, N. Y. 
(If horizontal heater is desired) 

The heater shall be constructed so as to operate in a horizontal position, 
and shall be provided with cast iron saddles for support. 

(If vertical heater is desired) 

The heater shall be vertical and fitted with cast iron legs attached to the 
tube head, in order that the bottom cover and channel may be removed 
without taking the heater down. 

CAPACITY 

The heater shall have ample capacity to heat. . . .gal. of water per hour 
from. . . .°F. to. . . .°F., when supplied with sufficient steam at. . . .°F. 

MATERIALS 

Shell, tube heads, water channel, floating heads, 

covers, supports, and baffle Close grain, gray iron. 

Tubes Seamless drawn copper, properly corrugated, in. O.D. 

Ferrules Seamless drawn brass. 

Gaskets Graphited asbestos sheet, highest quality. 

CONSTRUCTION 

The heater shall be so constructed that the heating surface shall be entirely 
accessible without breaking pipe connections; t.e., the heater shall have a 
separate water channel, with baffles cast integral to direct the flow of water 
four times through the heater. A baffle placed at the steam inlet shall 
deflect the steam over the heating surface. 

The tubes shall be rolled into a fixed tube head at one end and a multi- 
or double-floating tube head at the other end. The tubes shall be rolled 
into the heads by a tube expander and reinforced with hard brass ferrules. 

Expansion and contraction shall be accommodated by means of floating 
multi-heads. 

CONNECTIONS 

The heater shall be provided with flanged water and steam connections 
of proper size to flow tne quantities of water and steam for the successful 
operation of the heater. Tapped openings shall be provided for vent, drain 
blow-offs and relief valve, 

TEST 

The heater shall be given hydraulic tests of 60 lb. on the steam spaces 
and 150 lb. on the water spaces. 


MATEMALS OF CONSTRUCTION 

In order properly to design chemical plants and equipment, 
the first knowledge to be obtained is a thorough understanding 
of the chemical and physical characteristics of the materials 
entering the reaction and of the resulting products. Not only 
is it necessary to know their characteristics at the beginning 
and end of the reaction (which is fairly easy to ascertain), but 
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also during the reaction. Further, the effect of reasonable 
variation in the quantities of primary and secondary products 
on the characteristics of the combined mass, as they vary from 
moment to moment and from one part of the mass to another, 
must be known. The establishment of the necessary limits in 
these characteristics, and their control within these limits, is 
one of the fine points of design. 

The chemical engineer cooperates with the chemist in following 
through a complete batch in the laboratory, in order that the 
niaterials of construction for the pilot plant may be determined. 
In following this batch through, which will be done in the 
usual containers of glass and porcelain, a study should be made 
throughout the entire operation of the chemical and physical 
properties of the material. Another batch should be run in 
the same apparatus, but arrangements made to introduce into 
each of the pieces of apparatus a sample of the material that 
it is proposed to use in the finished plant equipment. 

After the batch has been completed, not only should these 
samples be examined and weighed for corrosion loss, but the 
product itself should be examined closely to see whether the pro- 
posed materials of construction have affected it. When the 
engineer and chemist have determined these points satisfactorily, 
the pilot plant should be built — a miniature of the finished plant 
containing vessels of satisfactory materials that will hold batches 
of from 10 to 30 gal. In certain cases where it is desired to test 
the market, the pilot plant can be made slightly larger, and it 
then becomes in reality a small production unit. 

Plan for Selection of Materials. — A brief plan for studying 
materials for chemical construction has been presented by 
Calcott and Olive. ^ This is given below as the best plan of 
attack for solving this problem, which is intimately connected 
with the design and selection of the proper equipment. 

A. Preliminary selection. 

1. Experience. 

2. Manufacturers^ data. 

3. Special literature, 

4. General literature. 

• 5. Availability. 

6. Safety: mechanical and physical properties. 

1 Calcott, W. S., and T. R. Olive, Chem, Met Eng., 89, 477 (1932). 
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7. Preliminary tests by standard laboratory methods as check on 
deductions from experience, literature and opinion. 

B, Laboratory testing. 

1. Revaluation of apparently suitable materials, with test pieces 
included in laboratory runs of the proposed processes. 

C. Application of data and final selection. 

1# Interpret laboratory results and other data in terms of plant 
operation, giving consideration to: 

o. Presence of air in equipment. 

b. Possibility of impurities. 

c. Segregation of alloy constituents. 

d. Fabrication method. 

e. Avoidance of electrolysis, 

/. Effect of temperature. 

g. Effect of method of heating. 

h. Effect of agitation. 

2. Compare economic features of apparently suitable materials. 

a. Material cost. 

h. Production cost. 

c. Probable life. 

d. Lost-time costs. 

e. Cost of product degradation. 

/. Liability to special hazards. 

3. Determine need for semi works check of data. 

Selection Charts and Tables. — The multiplicity of new plastics 
and new alloys and the more rigid selection of materials of con- 
struction for chemical processing, added to the already large 
number of the older materials, necessitates tables and charts for 
guidance even for the older construction designers. Table 40 
is a chart of manufacturer's recommendations in the field of non- 
metallic material^ while Table 41 attempts to present the recom- 
mendations for a few of the common metallic materials and 
industrial products handled. Blank spaces are not indications 
of rejections or unsafe use, often meaning no data at present avail- 
able. Unsafe use is indicated by a cipher (0) ; caution is indicated 
by a small letter (c) in Table 40 and a slant line (/) in Table 41. 
Recommended materials in both tables are indicated by a cross 
(X). Since the chart is limited in the materials listed, and since 
the classification does not imply a guarantee of service ability, 
consultation of manufacturers' bulletins and with representatives 
should be resorted to for plant application of any material. 

Recommended Sources of Information. — In addition, an 
excellent set of 74 individual chemical commodities charts, listing 
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the various pieces of equipment used in the processing with the 
correct material of construction can be found in Chemical & 
Metallurgical Engineering^ 41 (1934) in monthly installments. 

The same magazine has carried on a series of supplements on 
materials of construction for chemical engineering equipment, 
convenient tables on materials of construction and their applica- 
tion have been compiled by Lee and Calcott in Sec. 18 of Perry’s 
^‘Chemical Engineers’ Handbook.” 

EQUIPMENT 

Study of Types for Service. — A careful review of the principles 
of chemical engineering is always necessary in the study of equip- 
ment for special service. With a good background in the prin- 
ciples, the equipment designed to handle the specific operations 
involved is next studied in detail. A review of a number of the 
unit operations and their equipment is given in the following 
subdivisions. 

Selection of Types for Service. — Selection of the types for 
service, after a careful study, depends upon judgment and 
experience. Often several types are available and satisfactory. 
Then costs, operation difficulties, maintenance, labor, etc., •'are 
weighed in the balance before selection is made. 

MATERIALS HANDLING 

General. — Mechanical handling in the operation of chemical 
plants is an extremely important function the value of which 
can rarely be overemphasized. To assure lowest cost of opera- 
tion, mechanical handling should bo substituted for manual 
handling whenever it can be justified. This unit operation is 
so highly specialized that the chemical engineer would do well 
to consult with competent mechanical engineei's in selecting the 
equipment; but the latter cannot do the job alone since special 
materials of construction will frequently be required, because 
special hazards, including corrosion, fire, heat damage, explosion 
and poison, together with special service requirements, must 
generally be met in the design. 

A point that is sometimes overlooked is the function that 
mechanical handling plays as a coordinator of processes. Not 
alone does it eliminate manual work, but it also serves to pace 
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CHEMICAL ENGINEERING PLANT DESIGN 




pfoo — pooMpa^ I 


^oq— ouM I X X X o 

pfoo — oui^; I X ooX XX X XX 

^oq— ajgQ I « o o X X 

P[oo— 3|BQ I XiioX XX X X 

‘»oq — a|dBp^ I o oo X X 

pioa — aids I X«o X X 

^oq — I o o o X X « 

p|03 j|j I OOP o XX 

-joq — ssdjdXQ I o oo X X o 

pjoo — eaaacIXQ | o oo w XX 

8ap8B[d uiu8pj[ I 
paziuoqa — a'^ieuBJx |ooXX X X XX 

a^HsuBJx I X XX 

papuoq j-e^joui — a>ajauoQ | XX 

papuoqun— a^ajouoQ | XX X XX X 

IBu^snpui— 8gB|o [XXXXXXXX XXXX XX 

uiB]aojod joojdpiDB puB pauq-|9iaBua |XXXXXXXX XXXX XX 

ajBMauo^s iBopuaq J [XXXXXXXX XXXX XX 

83l)8Bld UiaSBQ | oo X X X o 

uoqjBQ jxxxxx oX X XX X X 
ajBMt?ai|!g JXXXXXXXX XX XX 

9pi<qap[Bmjo| Bajft ) X P^X XX ~~ 

ot;OT\d (ouaq j I XooX XX»o XX o 

apXqap[Biujoj ]ouaqd pappi^i j o XoeXX XXoo XX X 

apXqapiBtujoj |ouaqd ^bb^ | w voX XX w XX « 

suisaj a^B^aoB apuo{qo[Xui;Y | XXXX « XX 

Bapuotqa auapqXuiA I XXXX o 

(guisaj auajj^^By^lod) saiiajX^g j XXX XXooXX 

8apq(n8A[od DiuijajQ | XX o XX 

apunoduioa aBKaqg | XX o XX 

jaqqiu [XXXXX o o «Xoo XX X 

jaqqnj pit;n }XXXXX « XXXoo XX X 

BaA^BAuap auaipB^ng |XXXXX oo XX X 

Jaqqna pa^BUfjoiqp | XXXX X o XX X 

suisaj auoaBiunoQ | X 

(-q^aui ]Xq^aui puB i^q^aiu) oqAioy j XX o w XX 

a^Bj)tu aeoinpaQ j ooo XX 

asoinpao lAq^g |ooooo « o X X 

a^jBjXinq-a^B'jaoB asoinpaQ | XXo X« XX 

a^B'jaaB a80|n|i9Q | XX o X oX XX 

pap^oui p|oo •oi'^BBuin'jiq puB oniBqdBy jXXXXXX XX XX X 


SI ?«■§ 

jj’o C ® c8 

S.- ^ Mo 


Issllisl •lili 

.•gsaaSiaa g||| 


SB 19 09 W ^ 

hHHHH 


Zinc chloride. 
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Tabi;b 41 . — Recommendation Table fob Metallic Matbbials of 

CoNSTRDCnON* 



*3 

00 

TJ 

1 

-0 

s 

a 

o 

Hi 

00 

*3 

O) 

n 

i 

5 

Stainless steel (18>8-Mo) j 

§ 

V 
M 

V 

2 

Cast iron (Ni-resist) 

I 

'2 

Bronses 

Aluminum and its alloys 

Silver j 

Acetic acid (crude) 

/ 

/ 

/ 

X 

X 

/ 

/ 

X 

X 

X 

Acetic acid (pure) 

0 

/ 

X 

X 


0 

0 

X 

X 

X 

Acetic acid (vapor) 

0 

0 

/ 

/ 


0 

0 

X 

/ 

X 

Acetic anhydride 

/ 

X 

X 



/ 

0 

/ 

/ 

X 

Acetone 

X 

X 

X 



X 

X 

X 

X 

X 

Acetyl chloride 


X 

X 








Acetylene 

X 




X 


/ 


/ 

0 

Air 

X 


X 



X 

X 


X 


Aluminum (metal molten) 


0 

0 



X 





Aluminum acetate 


X 

X 








Aluminum chloride 


0 

0 



/ 


X 

X 


Aluminum fluoride 


0 

0 



/ 



X 


Aluminum hydroxide 


X 

X 






X 


Aluminum sulfate 

0 

/ 

/ 

/ 


/ 

o 

X 

X 

X 

Alums 

0 

X 

/ 

/ 

/ 

/ 

0 

X 

X 

X 

Ammonia (gas) 

X 

X 

X 

X 

X 

X 

0 

X 

0 

X 

Ammonium bicarbonate 


X 

X 

X 







Ammonium chloride 

/ 

/ 

/ 

X 

X 

X 

/ 

X 

/ 

X 

Ammonium hydroxide 

X 

X 

X 



X 

0 


0 

X 

Ammonium nitrate 

/ 

X 

X 

X 


/ 

0 


0 


Ammonium oxalate 


X 









Ammonium persulfate 


X 

X 








Ammonium phosphate (monobasic) 

0 

X 

X 



/ 

0 




Ammonium phosphate (dibasic) 

/ 

X 

X 



X 

/ 




Ammonium phosphate (tribasic) 

X 

X 

X 



X 

0 




Ammonium sesquicarbonate 


X 

X 








Ammonium sulfate 

X 

X 

/ 

X 

X 

X 

/ 

X 

X 

X 

Ammonium sulfide 





X 





0 

Amyl acetate 

/ 


X 

X 

X 

X 

/ 

X 

X 


Aniline 

X 

X 

X 

X 


X 





Aniline dyes 

/ 


X 

X 

X 

/ 

/ 


/ 


Aniline hydrochloride 


0 

0 


/ 






Antimony trichloride 


0 

0 

X 







Arsenie aoid 

X 

X 

X 

1 


X 




X 

Asphalt ^ 

X 


X 



X 

X 


X 


Barium carbonate 


X 

X 








Barium chloride 

/ 

/ 

/ 

X 

X 

X 

X 


X 


Barium hydroxide 

X 


X 

X 

X 

X 

0 


0 


Barium nitrate 


X 

X 








Barium sulfide 

X 


X 

/ 


X 

0 


0 

0 

Beer (beverage ind.) 


X 

X 

X 

X 


X 

X 

X 

X 


1 From miaoellancoue sources. 
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Table 41 . — Recommendation Table for Metallic Materials of Con- 
struction. ' — {Continued) 



Iron and mild steel 

Stainless steel (18-8) 

Stainless steel (18-8-Mo) 

Monel 

Nickel 

Cast iron (Ni-resist) 

Red brass 

Bronzes 

Aluminum and its alloys 

Silver | 

Beer (alcohol prod.) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Beet sugar liquors 

X 

X 

X 

/ 


X 

X 

X 

X 


Benzine 

X 

X 




X 

X 


X 


Benzoic acid 


X 

X 







X 

Benzol 

X 

X 



X 

X 

X 


X 


Black (sulfate) liquor 

X 


X 

X 


X 

0 


0 

0 

Blast furnace gas 

X 


X 








Borax 

X 

X 

X 

X 

X 

X 

/ 


/ 

0 

Bordeaux mixture 

X 



X 



X 


X 


Boric acid 

0 

X 

X 

X 

X 

/ 

/ 

X 

X 

X 

Bromine 


/ 

/ 





X 


0 

Butane. 

X 






X 


X 


Butanol 

X 



X 



X 


X 


Buttermilk 


X 

X 


X 






Butyl acetate 

/ 


X 

X 



X 




Butyric acid 


X 

X 








Calcium bisulfate 

0 

0 

X 

0 

0 

0 

0 


0 


Calcium carbonate 

X 

X 

X 



X 


X 



Calcium chlwate 


X 

X 








Calcium chloride 

X 

X 

/ 

X 

X 

X 

X 

X 

X 


Calcium hydroxide 

X 

X 

X 

X 


X 

/ 


/ 


Calcium hypochlorite 

/ 

0 

/ 

/ 

0 

/ 

/ 

X 

/ 


Calcium oxychloride 


/ 

/ 







0 

Calcium sulfate 


X 






X 



Cane sugar liquors 

X 

X 

X 

X 


X 

/ 

X 

/ 


Carbon dioxide (dry) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Carbon dioxide (wet) 

/ 

X 

X 

/ 

X 

/ 

/ 


/ 

X 

Carbon disulfide 

X 

X 

X 

/ 

/ 

X 

0 


0 

/ 

Carbon monoxide 


X 

X 








Carbon tetrachloride (moist) 

/ 

0 

/ 

X 

X 

/ 

/ 

X 

/ 

X 

Carbonated beverages 

0 

X 

X 

X 


0 

/ 

X 

/ 

X 

Casein 

X 



X 

X 


X 


X 


Castor oil 

X 

X 

X 

X 

X 

X 

X 

X 

X 


Catchup . 


X 

X 

X 

X 





X 

Cellulose 


X 

X 

X 

X 






Cellulose acetate 




X 

X 



X 

X 

X 

Cellulose nitrate 



X 

X 

X 

X 





China wood oil 

X 

X 

X 

X 

X 

X 

X 

X 

X 


Chloracetic acid 

0 

0 

0 

/ 

/ 


0 

X 

/ 


Chlorbenzol 


X 

X 








Chlorex 

X 


0 




X 


X 



» From mhcflianeous sources. 
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Table 41. — Recommendation Table fob Metallic Materials op Con- 
struction. ' — (CotUinued) 















1 






& 



00 

ob 



o 



03 


S 

ob 

ob 






.•§ 


(0 










2 

li 

'S 



g 



c 

o3 


E 

ns 

C 

■s 

s 



a 

o 

u 

03 

s 

£ 

3 

a 





c 




N 

g 

£ 


o 

CS 

c9 

■tJ 

m 

o 

2 

« 

a 

o 

"S 

o 

& 

;3 

< 

Chloric acid 


0 

0 







Chlorine (dry) 

X 

X 


X 

X 


X 


X 

Chlorine (wet) 

0 

0 

0 

/ 

X 


0 

X 

0 

Chloroform 


X 

X 

X 

X 





Chrome plating bath 


X 

X 







Chromic acid 

/ 

/ 

X 

/ 

/ 

0 

0 


/ 



X 

X 

X 






Citric acid 

0 

X 

X 

X 

X 

/ 

/ 

X 

X 

Coca-Cola sirup 


X 

X 







Coconut oil 

X 

X 


X 

X 

X 




Coffee 


X 

X 

X 






Coke oven gas 

X 


X 

X 



/ 


/ 

Copper acetate 


X 

X 







Copper carbonate 


X 

X 







Copper chloride 


/ 

/ 







Coppier cyanide 


X 

X 







Copper nitrate 


X 

X 







Copper sulfate 

/ 

X 

X 

/ 


/ 

0 

X 

/ 

Core oil 

X 





X 

X 


X 

C’orn oil 

X 

X 

X 

X 

X 

X 1 

0 

1 

X 

Cottonseed oil 

X 

X 

X 

X 

X 

X 

0 


X 

Creosote (crude) 

X 

X 

X 

X 


X 

/ 


X 

Cresylic acid 


X 

X 

/ 

X 


0 


/ 

Cyanogen gas 


X 

X 







Developing solution 


X 

X 

X 

X 





Dextrose 




X 

X 





Dichlorethane 


X 

X 







Dinitrochlorbenzol 


X 

X 







Diphenyl 





X 





Distillery wort 


X 

X 

X 


X 

X 

X 

X 

Doctor solution 

X 


X 

X 


X 

0 


0 

Dye wood liquor 


X 

X 

X 

X 

0 



X 

Ethers 


X 

X 

X 



X 

X 

X 

Ethyl acetate 

X 


X 

X 


X 

X 

X 

X 

Ethyl alcohol 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Ethyl chloride 


X 

X 

X 

X 

0 




Ethylene dichloride 


X 

X 

X 

X 





Ethylene glycol 

X 

X 

X 

X 


X 

X 

X 

X 

Fatty acids 



X 

X 

X 

/ 


X 


Ferric chloride 

0 

0 

0 

/ 


0 

0 


/ 


» From miscellaneous sources. 
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Tabus 41 .— Recommendation Table fob Mbtaluc Materials of Con- 
struction. ' — (Continued) 



Iron and mild steel 

Stainless steel (18-8) 

Stainless steel (18-8-Mo) 

Monel 

Nickel 

Cast iron (Ni-resist) 

Red brass 

Bronzes 

Aluminum and its alloys 

Silver 

Ferric hydroxide 


X 

X 


I 

1 


I 

X 


0 

Ferric nitrate 


X 

X 







0 

Ferric sulfate 

0 

/ 

X 

i / 


0 

0 


/ 

0 

Ferrous chloride 

X 

0 

0 

/ 


X 

0 

X 

/ 

0 

Ferrous sulfate 

0 

X 

0 

X 

X 

/ 

/ 

X 

X 

0 

Fluorine 


0 

0 







X 

Foamite (acid) 

0 


/ 

/ 


0 

0 


X 


Foamite (alkaline) 

X 


X 

X 


X 

0 


X 


Formaldehyde 

/ 

X 

X 

X 

X 


X 

X 

X 

X 

Formic acid 

0 

/ 

/ 

X 



0 

X 

X 

X 

Freon 

X 



X 

i 


X 


X 


Fruit juices (apple, grape, orange) 


X 

X 

X 

X 

/ 


X 


X 

Fuel oil 


/ 

X 

X 

X 

X 





Furfural 

X 



X 



X 


X 


Gallic acid 


X 

X 





X 



Gasoline, sour 

/ 

X 

X 

/ 


/ 

0 


0 


Gasoline, refined 

X 

X 

X 

X 


X 

X 


X 


Gelatin 



/ 

X 

X 


0 


/ 

X 

Glucose 

X 


X 


X 


X 


X 

X 

Glue 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Glycerol 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Hydrochloric acid 

0 

0 

0 

/ 

/ 

0 

0 

X 

/ 


Hydrocyanic acid 

X 

X 

X 

X 


X 



X 


Hydrofluoric acid 

0 

0 

0 

/ 

/ 

0 

0 


/ 

X 

Hydrofluosilicic acid 

0 

0 

0 

/ 


0 

0 

X 

/ 


Hydrogen gas 

X 



X 

X 


X 


X 

X 

Hydrogen peroxide 

0 

/ 

0 

X 

/ 

0 

0 

X 

X 

0 

Hydrt^en sulfide, dry 

X 

/ 

X 

/ 

X 

/ 

0 


0 

0 

Hydrogen sulfide, wet 

/ 

/ 

X 

0 

X 

/ 

0 


0 

0 

Ice cream 




X 






X 

Ink 


/ 

X 

X 

X 


X 

X 


X 

Iodine 

X 

0 

0 





X 


/ 

Iodoform 


X 

X 








Kerosene 

X 

X 


X 

X 


X 


X 


Lacquers 

/ 


X 

X 



/ 1 


X 


Lacquer s<dyents 

/ 


X 

X 





X 

X 

Lactic acid 


/ 

/ 





X 


X 


^ From miscellaneous sources. 
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Table 41. — Recommendation Table fob Metallic Matbeials of Con- 
struction.' — (Continued) 


Lard 

Lead (molten) 

J^ad acetate 

Lime-sulfur 

Linseed oil 

Lubricating oil (sour) 

Lubricating oil (refined) 

Magnesium chloride 

Magnesium hydroxide 

Magnesium oxychloride 

Magnesium sulfate 

Maleic acid 

Mayonnaise 

Meat juices 

Mercuric chloride 

Mercury 

Methanol 

Methyl chloride 

Milk 

Molasses 

Mustard 

Naphthalene sulfonic acid 

Natural gas 

Nickel chloride 

Nickel sulfate 

Nitrating acid (sulfuric > 15%). 
Nitrating acid (sulfuric < 15%). 
Nitrating acid (nitric < 15%). . . 
Nitrating acid (acids 1 % or less) 

Nitric acid (crude) 

Nitric acid (15-25%) 

Nitrobenzene 

Nitroglycerin 

Nitrous acid 

Oleic acid 

Oleomargarine 

Oxalic acid 

Oxygen 


'5 

00 

00 

■o' 

s 

i 



“S' 

.a 

2 

g 



00 

o 

5 


TS 

::3 

a 

1 

to 

■a) 

GO 



03 


TJ 

S 

s 


-TS 

S 

§ 

1 

I 

aa 

1 

1 

j Monel 

1 Nickel 

o 

« 

eS 

O 

j Red bras 

j Bronzes 

3 

c 

1 

SJ 

< 

1 Silver 

X 

X 

X 



X 



X 

X 



/ 

X 








X 


X 







X 


X 

X 


X 

0 


0 


X 

X 

X 

X 

X 

X 

/ 


X 


/ 


X 

/ 


/ 

0 


0 


X 


X 

X 



0 


0 


/ 

/ 

/ 

X 

X 


/ 

X 

/ 

X 

X 


X 

X 

X 


/ 

X 

/ 

X 


0 

/ 








X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 







X 


X 

X 

X 


X 




X 


X 

X 

X 

X 





X 

/ 

/ 

0 

/ 



0 


0 

0 

X 

X 

X 




0 


0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


/ 

/ 

X 







/ 

X 

X 

/ 

X 

/ 

0 

X 

0 

X 

X 

X 

X 

X 


X 

X 


X 



X 

X 

X 




X 




X 

X 








X 


X 

X 


X 

/ 


/ 



/ 

/ 

/ 

X 


/ 

X 

/ 



X 

/ 

/ 

X 


/ 

X 

/ 


X 

/ 

/ 

0 

0 


0 


0 

X 

0 

/ 

/ 

0 

0 


0 

X 

0 

0 

0 

/ 

0 

0 

0 


0 


0 

0 

0 

/ 

X 

0 

0 


0 


0 

0 

0 

/ 

/ 

0 

0 


0 


/ 

0 

0 

/ 

X 

0 

0 


0 


/ 

0 

X 


X 

X 





X 



X 


X 

0 


X 

1 



/ 

X 

X 

X * 

X ' 

/ 

/ 


X 

X 




X 

X 





X 

/ 

X 

/ 

X 


/ 

/ 

X 

X 

X 




X 




X 


X 


^ From miscellaneous sources. 
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Table 41. — Recommendation Table fob Metallic Materials of Con- 
struction.' — (Continiied) 


i 

Iron and mild steel 

Stainless steel (18-8) 

Stainless steel (18-8-Mo) 

Monel 

Nickel 

Cast iron ^Ni-resist) 

Red brass 

Bronzes 

Aluminum and its alloys 

Silver • | 

Soda ash 

X 

X 

X 

X 


X 

/ 

X 

/ 


Sodium acetate 


X 

X 








Sodium aluminate 




X 

X 

X 





Sodium bicarbonate 

/ 

X 

X 

1 ^ 

X 

X 

/ 


X 

X 

Sodium bisulfate 

0 

X 

X 

X 



/ 

X 

X 


Sodium bisulfite 

0 

X 

X 




X 

X 

X 


Sodium carbonate 

X 

X 

X 

X 


X 

/ 

X 

/ 

X 

Sodium chlorate 

/ 

X 









Sodium chloride 

X 

/ 

/ 

X 

X 

X 

X 

X 

X 

X 

Sodium cyanide 

X 


X 

X 



0 


0 

0 

Sodium fluoride 


/ 

/ 








Sodium hydroxide 

X 

X 

X 

X 

X 

X 

/ 

X 

/ ! 

X 

Sodium hj^pochlorite 

/ 

/ 

/ 


0 


0 


/ ! 


Sodium hyposulfate 

/ 

X 

X 

X 



0 


0 

0 

Sodium metaphosphate 

/ 


X 

X 



/ 


X 


Sodium nitrate 

X 

X 

X 



/ 


X 


/ 

Sodium nitrite 




X 







Sodium perborate 

/ 

X 

X 

X 



/ 


/ 

/ 

Sodium peroxide 

/ 

X 

X 

X 



/ 


/ 

0 

Sodium phosphate (monobasic) 

/ 

X 

X 

X 



X 

X 

X 

X 

Sodium phosphate (dibasic) 

/ 

X 

X 

X 



X 

X 

X 

X 

Sodium phosphate (tribasic) 

X 

X 

X 

X 



0 

X 

/ 

X 

Sodium silicate 

X 

X 

X 

X 

X 

X i 

0 


0 


Sodium sulfate 

X 

X 

/ 

X 

X 

X 

X 

X 

X 

X 

Sodium sulfide 

X 

X 

X 

/ 

X 

X 

0 

X 

0 

0 

Sodium sulfite 


X 


X 


X 


X 



Stannic chloride 


0 

0 





X 



Stannous chloride 



/ 








Starch 


X 


X 

X 






Stearic acid and palmitic acid 

/ 

X 

X 

X 

X 

/ 

0 

X 

/ 

X 

Strontium nitrate 








X 



Sugar juices 


X 

X 

X 

X j 


i 

X 1 


X 

Sulfur 

X 

/ 



1 


0 


0 

0 

Sulfur chloride 

/ 

0 

/ 

/ 

/ 

X 

0 


0 

0 

Sulfur dioxide 

X 

X 

X 

X 


X 

X 

X 

X 

0 

Sulfur trioxide 

X 

X 

X 

X 


X 

X 


X 

0 

Sulfuric acid (fuming to 98%) 

X 

0 

/ 

0 

0 

/ 

0 


0 

0 

Sulfuric acid (75-95%) 

X 

0 

0 

0 

0 

/ 

0 

/ 

0 

0 

Sulfuric acid (10-75%) 

0 

0 

0 

/ 

0 

/ 

0 

/ 

/ 

X 

Sulfuric acid ( <10%) 

0 

0 

0 

X 

/ 

/ 

/ 

X 

X 

X 

Sulfurous acid 

0 

/ 

X 

0 

0 


0 

X 

/ 

X 


1 From miscellaneous sources. 
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Table 41. — Recommendation Table for Metallic Materials of Con- 
struction.' — (Continued) 



1 

CO 

1 

*o 

a 

08 

d 

o 

1 

1 

t 

i 

3 

s 

CD 

Stainless steel (18-8-Mo) 

o 

Nickel 

Cast iron (Ni-resist) 

Red brass 

Bronzes 

Aluminum and its allojns 


Tankage 

X 




/ 

X 





Tannic acid 


X 

X 

X 

X 


/ 

X 

X 

X 

Tar 

X 

X 

X 

X 


X 

X 


X 


Tartaric acid 

/ 

X 

X 

X 

X 


/ 


X 

X 

Toluol 

X 



X 



X 


X 


Tin (molten) 

X 

0 

/ 








Trichloracetic acid 


0 

0 








Trichloroethylene 

/ 

X 

/ 

X 

X 

/ 

/ 


/ 


Turpentine 

X 

X 

X 

X 

X 

X 

/ 


X 


Urine and urea 








X 


X 

Varnish 

/ 

X 

X 

X 

X 


/ 


X 


Vegetable juices 


X 

X 

X 

X 






Vinegar 

/ 

X 

X 

X 

X 


/ 

X 

X 

X 

Viscose . . . , 

X 


X 

X 

X 


X 



0 

Water (acid mine, oxidizing) 

/ 

X 

X 

0 

0 

/ 

/ 


/ 


Water (acid mine) 

/ 

0 

0 

X 

X 

X 

/ 


X 

X 

Water (boiler feed) 

X 

X 

X 

X 

X 


X 


X 


Water (brine) 

/ 

X 

/ 

X 

X 

X 

X 


X 

X 

Water (fresh) 

X 

X 

X 

X 

X 


X 


X 

X 

Water (distilled lab.) 

0 

X 

X 

0 

/ 

0 

0 


0 

X 

Water (condensate) 

X 

X 

X 

X 

X 


X 

X 

X 

X 

Water (sea water) 

/ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Whiskey and wines 


X 

X 

X 

X 


/ 

X 

X 

X 

Yeast 


X 

X 


X 





X 









X 



Zinc (molten) 

/ 

0 

0 

X 







Zinc chloride 

/ 

/ 

0 

X 

X 

/ 

0 

X 

/ 

X 

Zinc Bullfate 

/ 

X 

X 

X 

X 

X 

/ 

X 

/ 

X 


1 From miscellaneous sources. 


the process, tie together various pieces of processing equipment 
and frequently to convert batch to continuous operation. 

Materials-handling Classification. — Materials-handling equip- 
ment is logically divided into continuous and batch types, and 
into classes for the handling of gases, liquids and solids. Liquids 
and gases are handled by means of pumps and blowers; in pipes, 
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flumes and ducts; and in containers such as drums, cylinders and 
tank cars. Equipment for the handling of solids and semisolids 
is of a great many types for which a simplified classification 


Materials-handling Equipment for Solids 


A, Conveyors. 

1. Horizontal and inclined 
movement. 

a. Belt. 

h. Chain or cable. 

c. Chain trolley. 

d. Platform, apron, slat 
and pan. 

e. Gravity roller. 

/. Live or driven roller. 

g. Bucket. 

h. Scraper, flight, 
pusher bar, and drag. 

f. Screw. 

i. Helicoidal. 

ii. Flight. 

iii. Ribbon. 

iv. Paddle. 

j. Drag-line scraper. 

i. Power hoe. 

ii. Cable scraper. 

k. Pneumatic. 

l. Solids pumps. 

B. Hoists and cranes. 

1. Vertical movement. 

а. Chain hoists. 

i. Spur gear and 
differential 
gear. 

ii. Electric. 

iii. Pneumatic. 

iv. Manual. 

б. Cable and drum 
hoists. 

i. Freight and 
passenger lifts. 

ii. Suspended. 

iii. Electric. 

iv. Pneumatic. 

V. Manual. 

c. Cranes, stationary. 

i. Bracket jib. 

ii. Column jib. 


t. Vertical movement. 

a. Bucket elevators, stationary 
and portable. 

b. Skip hoists. 

c. Chain elevators. 

d. Barrel, package, bag and 
tray elevators. 

e. Bucket carriers. 

/. Belt elevators. 

g. Spiral chutes. 

h. Roller spirals. 

i. Chutes or spouts. 

j. Pneumatic conveyors. 

k. Water screens. 


!. Vertical and horizontal movement, 
a. Trolley and tramway hoists, 
suspended from track. 

i. Manual. 

ii. Electric. 

iii. Pneumatic. 

h. Traveling cranes, above 
track, 

i. Motor cranes, sus- 
pended cab control. 

ii. Motor cranes, remote 
cab control. 

iii. Manual control. 

iv. Gantry cranes. 

V. Bridge cranes. 

vi. Truck and tractor 
cranes. 

vii. Locomotive cranes. 
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C. Truckd, wheeled. 

1. Manual control. 

o. Lift, removable con- 
tainer, box or skid. 

6. Platform, removable 
or rigid container, 
box or skid. 


D. Industrial railways. 


2. Power operated, 
o. Lift trucks. 

i. High, trailers, skid 

platforms. 

ii. Low, trailers, skid 

platforms. 

h. Platform trucks, trailers, 
skid platforms. 

c. Special-purpose trucks. 

d. Tractors and trailers. 


based on Montgomery (Perry’s Chemical Engineers’ Hand- 
book,” Sec. 20) is given above. Montgomery also gives cost 
data on various types of materials-handling equipment. 

Chemical Industry Hazards. — In the main, materials-handling 
problems in chemical engineering industries do not differ widely 
from those in other industries except that the existence of seven 
hazards (Perry’s ‘^Chemical Engineers’ Handbook,” p. 2211) will 
frequently influence design. These hazards are: 

1. Corrosion. 4. Explosion. 

2. Heat damage. 5. Poison. 

3. Fire. 6. Dust. 

7. Pollution. 


Corrosion is often the most difficult of these hazards to sur- 
mount, and its solution will generally be based on (1) the cheapest 
type of equipment available, or (2) use of a high first-cost, 
corrosion-resistant material in the best type of handling equip- 
ment, or (3) the use of containers which adequately protect the 
equipment. Cast-iron liners for moderate temperatures and 
refractory linings for high temperatures are used to avoid diffi- 
culty with heat. Fire and explosion hazards are reduced by 
grounding the handling equipment where static electricity is 
likely to develop, by ventilation to reduce dust concentration, 
by handling materials in containers that eliminate dust scatter- 
ing, by the use of low-oxygen-content gases in conveying systems, 
by jarproof conveyances, and by screening to avoid contact 
with sparks or fire. Poison hazards are reduced by long-distance 
handling or closed container conveyances. Where food products 
are handled, sanitary requirements demand covered or sealed 
containers to prevent pollution— frequently of special materials 
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of construction — and the employment of easily cleanable equip- 
ment with moistureproof bearings. 

Selection of Materials-handling Equipment. — Montgomery^ 
has stated that the selection of materials-handling equipment 
depends upon (1) the cost and (2) the work to be done. He 
recommends that the engineer's choice be checked before pur- 
chase by a competent consulting engineer or by an engineer of 
the company that is to supply the equipment. 

Factors that must be considered in choosing materials-handling 
equipment include: 

1. Chemical nature of the material to be handled. 

2. Physical nature of the material to be handled. 

3. Character of the movement to be made, whether horizontal, vertical, 
or a combination of the two. 

4. Distance of movement. 

5. Quantity moved per hour or other unit of time, such as weight, number 
of pieces, or volume. 

6. Nature of feed to handling equipment. 

7. Nature of discharge from handling equipment. 

8. Nature of flow, continuous or intermittent. 

Belt Conveyors. — A belt conveyor consists of a continuous 
belt supported on idler pulleys, generally arranged to trough 
the belt, and driven by the application of power to a larger 
diameter head pulley. The tail pulley is similar to the head 
pulley except that it is not driven. Most belts are in the range 
of width from 12 to 60 in. 

The world's longest conveyor belt system, consisting of 26 belts 
with a total belt length of 20.4 miles, running at a speed of 550 
ft. per minute, and with a capacity of 1,100 tons per hour, carries 
construction rock a total length of haul of 9.6 miles from Redding 
to Coram on the Sacramento River to construct the Shasta 
Flood Control Dam. About 4,200 hp. are required on the 
upgrades and about 460 hp. are generated on the downgrades. 

In the larger sizes, belt speeds may be as high as 600 ft. per 
minute, depending on the type of material and the loading. For 
packaged materials, flat belts are used with speeds up to 200 ft. 
per minute. Very high capacity is possible with belt conveyors; 
they offer the further advantage of relatively low maintenance, 
reasonable power consumption, relatively low cost and con- 

' Montgomery, G. L., Chem, Met Eng., 37, 211 (1930), 
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tinuous discharge. Belt conveyors may be used on horizontal 
or inclined runs for handling practically all sorts of solids, ranging 
from fine powders, through grains and crystals, to large lumps 
such as coal, ore or stone. Belts are of canvas or canvas-rein- 
forced rubber, while, for special purposes, wire-screen belts and 
sheet-metal belts have been employed. Special rubber belts 
have been developed for handling hot materials at temperatures 
not exceeding 150°F.^ 

Chain Conveyors. — Chains are employed for a great number of 
purposes in the conve 3 dng field. In simple chain conveyors, the 
chains are dragged through shallow trenches or troughs and serve 
to convey such materials as hot ashes and hot cement clinker. 
By the attachment of dogs, blocks or plates, chains and cables 
may be used for pulling cars up inclines, pulling logs up chutes iix 
paper mills, or dragging bulky material such as coal or stone 
through troughs. When a chain is supported from trolleys run 
on an overhead track, it is useful for handling packages and 
other bulky materials such as tires. Since the track may run 
both horizontally and inclined, chain trolley conveyors are very 
flexible. 

Attached to platforms, slats, aprons and pans, chains serve to 
move both packaged and bulk materials at speeds from 30 or 40 
to as high as 100 ft. per minute. Apron conveyors are frequently 
used as feeders for handling coarse material to and from crushers. 
Such equipment, at low speeds, reduces breakage to a minimum. 

For the transportation of bulk materials over paths that may 
vary anywhere from horizontal to vertical, buckets supported 
on chains and rollers are often used. Because of the flexibility 
of the bucket conveyor, both in path and in bucket material, 
this conveyor is particularly adapted to the handling of abrasive 
and otherwise difficult materials. 

Roller Conveyors. — Rollers for which gravity supplies the 
motive power and those that are driven are used for the trans- 
portation of boxes, packages, etc. 

Screw Conveyors. — Essentially, a screw conveyor consists of a 
strip of metal wound spirally around a shaft that is arranged 
to rotate with close clearance in a trough. Turning the shaft 
advances material through the trough by means of the screw 
action. Consultation with manufacturers is particularly neces- 

' Seymour, G. N., Chem* Age (L(mdon)t 9, 565 (1923), 
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sary in selecting this type of conveyor. Useful selection tables 
on conveyors have been presented by Bergmann.^ ^ 

Screw conveyors are of several types, including the double- 
flight type, which delivers a more uniform stream than the simple 
type. The cut-flight type is used for materials which tend to 
pack, or, when placed in a trough having a perforated lining, for 
removing foreign materials from grain. This type of conveyor 
also is supplied with mixing paddles and is used for mixing mate- 
rials during conveying. A similar type, the cut-and-folded con- 
veyor, will thoroughly stir material which passes through it. 
The ribbon type which, in effect, is similar to the standard screw, 
except that the center is cut out, is particularly adapted to han- 
dling sticky materials which would tend to collect in a standard 
conveyor at the point where the flights join the shaft. 

Drag-line Scrapers. — Conveying equipment of this type 
employs bucketlike scoops or disks which are moved back and 
forth by steel cables to drag loose materials from a large storage 
area, usually outdoors, toward a central elevator or conveyor 
hopper for subsequent delivery to the plant. Such equipment 
is used for storing and reclaiming materials like coal or stone. 

Pneumatic Conveyors. — The use of air, or occasionally of 
inert gases, for the sweeping of comparatively light or powdered 
materials through ducts has come into widespread use in the 
chemical industry. Pneumatic conveyors are used for handling 
materials as coarse as shavings and ashes, but their greatest 
application is for nonflammable materials such as soda ash, 
phosphate rock and other free-flowing chemicals and chemical 
raw materials. 

Solids Pumps. — The solids pump (Fuller-Kinyon pump) is 
used to a considerable extent for the handling of pulverized 
materials such as feldspar and Portland cement. It differs from 
the pneumatic conveyor in that, in the case of the former, mate- 
rials are actually blown through the pipe, while in the latter 
case the material is forced in an aerated condition through a 
small diameter pipe by the pressure of a screw feeder. This 
type is more costly than the pneumatic conveyor but employs 
smaller pipe, requires no cyclone for receiving discharged mate- 
rial and offers increased flexibility in many uses. 

^ Bbrqmann, R. F., Rational Method of Selecting Screw Conveyors, 
Chem. Met. Eng., 41 , 470 (1934). 
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Bucket Elevators. — Such elevators consist of a continuous 
belt or chain traveling between overhead and foot pulleys or 
sprockets and carrying a number of buckets which scoop material 

Table 42. — Belt Conveyor Information Blank 

Name of Company 

Street and No City — State 

Will installation be at the same place? If not, give location. 


Name of material 

Condition of material. Wet Dry Hot Cold Sticky 


is there any chemical action on steel? Rubber? 

Weight per cu. ft ^...Size of maximum pieces Average size of 

material 

Percentage of maximum size pieces to average 

Capacity per hour, tons max Average capacity per hour (tons) 

Hrs. per day operated — 

Does conveyor receive material from — Bins Elevator Crusher 

or other machines? feeder used 

Will it be fed from one point only? See pages Giving type of 

feed and discharge. Give letter designating type..._ 

Into what does conveyor discharge? 

Fill in dimensions below, in diagram corresponding to installation. 


H 


rf 


At which end will drive be located (Give preference to head end) 

Power? Motor Engine Line shaft. 

If we are to include electric motor, give current characteristics. 

A. C. or D. C Voltage Phase ...Cycle - 

Engine. Type Speed Size pulley Diam. shaft 

Line shaft. Diameter Speed r.p.m 

Will conveyor be in building or exposed to weather? 

Are we to include supports?. Steel Wood 

Additional remarks 


link-belt company 

from a boot at the bottom and deliver it at a point slightly below 
the head pulley or sprocket. Such elevators are generally 
supplied with a casing. 

Skip Hoists. — The skip hoist is a container mounted on wheels 
und running on a nearly vertical track up which it is pulled by 
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means of a cable. It is used chiefly for high lifts where accurately 
measured charges are to be delivered and dumped automatically 
at definite intervals of time. It is most common in the charging 
of blast furnaces and vertical lime kilns and in hoisting coal 
in power plants. 

Other Elevators. — ^Many forms of interfloor elevators are 
available for the handling of pans, barrels, packages, trays and 
other material. These generally employ continuous chains, 
operating vertically, which carry platforms or arms to support 
the packages. Some of them are devised for automatic pickup 
and discharge. 

As in the case with other manufacturers of process equipment, 
materials-handling equipment makers supply information blanks 
to assist in the making of recommendations. A typical blank is 
shown in Table 42. 


SIZE REDUCTION 

Size reduction of material is a much used operation in chemical 
plants. It is accomplished by a wide variety of equipment 
which, however, all depend upon pressure, impact, attrition or 
shear, or combinations of these, for their effect. Much energy is 
required in milling, but only a small part of this, less than 5 per 
cent, performs useful work. Attempts to raise the efficiency of 
milling operations have led to a wide diversity of mill types, and 
to the introduction of closed-circuit grinding wherever practica- 
ble. Much recent work has been directed toward the quanti- 
tative evaluation of ease of grinding, and to the comparative 
performance of various sorts of mill. At present, however, it is 
generally difficult to predict either mill performance or power 
consumption from a basis of data on similar materials. 

Milling goes under many different names, depending on the 
application. In the case of friable materials, the terms crushing^ 
grinding j disintegration and 'pulverizing are employed, and when 
elastic materials are processed, the reduction in size is known as 
shredding j hoggi'ng^ disintegration, rending and abrading. Milling 
operations may be carried out in the wet or dry state or by use 
of an open-circuit or closed-circuit mill. Wet grinding is often 
employed for the production of very fine products, as in metal- 
lurgy, wet-process Portland cement and in paint pigments. Dry 
milling is used where the presence of water would be harmful 
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or at least of no particular benefit; examples include the pul- 
verizing of coal and the grinding of cement clinker. When a 
mill is open-circuited, it means that material is fed into the mill 
and removed only as it reaches the desired size or finer. When 
a mill is close-circuited, material is fed rapidly through the mill, 
the fines being separated outside the mill and the oversize 
returned continuously with the feed. The advantage of closed- 
circuit grinding lies in the immediate removal of fines so that they 
cannot serve to buffer oversize particles and absorb a needlessly 
large quantity of power. A further advantage is the avoidance 
of formation of excessively fine particles. 

Classification of Size -reduction Equipment. — Many means of 
classifying size-reduction equipment may be employed. One of 
these, given below, is based on the size of feed and finished 
products, but this arrangement is not hard and fast, for the 
application of particular equipment varies with the materials 
processed. 


A, Coarse crushers: Product 2 to 
60 in. 

1. Gyratories. 

2. Jaw crushers. 

a, Blake. 
h. Dodge. 

3. Cone. 

B, Intermediates: Product to 
lyi in. 

1. Rolls. 

а. Single roll. 

б. Multiple roll. 

2. Coffee mills. 

3. Disk crushers, Symonds. 

4. Edge runners. 

5. Stamps. 


Fine grinders: Product 10 to 200 
mesh. 

1. Disk grinders, 
a. Buhrstone mills. 
h. Attrition mills. 

2. Ball, pebble and tube mills. 

3. Rod mills. 

4. Roller mills. 

5. Centrifugal, 

o. Raymond. 
h, Griffin. 

c. Fuller-Ijehigh. 

d. Sturtevant. 

6. Multiple roll mills. 

7. Pan mills. 

D. Disintegrators. 

1. Squirrel-cage disintegrators. 

2. Hammer mills. 

3. Shredders. 

4. Clod breakers. 

5. Whirlbeaters. 


Size-reduction Equipment 
C. 


Selection of Crushing and Grinding Equipment. — The followr 
ing factors are determinants in the selection of equipment for 
size reduction of materials: 
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1. Physical properties of material. 

a. Hardness. 

b. Mechanical structure, i.e., whether the material is brittle or 
fibrous, tough or soft, or thermoplastic. 

c. Moist^ure content. 

d. Specific gravity. 

2. Size of feed and product. 

3. Tonnage to be ground. 

4. Speed of the mill. 

6. Physical properties of grinding of equipment, 
a. Shape and character of lining. 
h. Shape and character of grinding medium. 

Mills have so frequently been selected for low maintenance 
that mill construction is now definitely aimed at long life, ready 

Table 43. — Application of Size-reduction Equipment. 



disassembly and easy replacement of worn parts. Mills designed 
for resistance to corrosion have also been made available. In 
mills subject to a high degree of abrasion, special abrasion- 
resisting material such as manganese steel and Stellite are 
employed. 

An extensive compilation of information and data on the con- 
struction, design, capacity and horsepower requirements of grind- 
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ing and milling equipment of all sorts has been published by 
Kanowitz in Perry^s Chemical Engineers^ Handbook/’ Sec. 16. 
Kanowitz has also compiled information on the industrial applica- 
tions of milling equipment, giving operating characteristics on a 
large number of products. The use of air as a conveying medium 
in grinding mills, for removing the product and for accomplishing 
drying simultaneously with size reduction, is covered by Kano- 
witz in a discussion of close-circulating of mills by means of 
air separators. 

Table 43 is an application chart for size-reduction equipment 
showing classification of types and characteristics of several 
examples in each type. 

Gjrratory Crushers. — A gyratory crusher consists of a conical 
hopper within which a conical spindle rotates with an eccentric 
motion. Material fed between the hopper and the spindle is 
pinched, crushed and abraded, and discharged at the bottom in 
sizes usually not less than 3^ in. Gyratory crushers are essen- 
tially primary machines, taking feed sizes as large as several 
feet for the largest dimension. Capacities from 4.5 to 560 tons 
per hour are available requiring as high as 180 hp. 

Jaw Crushers. — Jaw crushers of two principal types are in 
use, but both are similar in that they employ one fixed and one 
movable jaw, arranged to pinch and crush material placed in the 
feed opening. Like the gyratory crusher, jaw crushers will 
handle feed material of several feet in dimensions and will yield 
enormous capacities. 

Cone Crushers. — Cone crushers resemble gyratories super- 
ficially in that an eccentric conical head rotates within a conical 
hopper. However, such crushers are adapted to finer and more 
accurate sizing and do not attain the large feed sizes of gyratory 
crushers. 

Crushing Rolls. — Roll crushers are of various types including 
both single- and double-roll crushers. The rolls are either smooth 
or corrugated cylinders rotating in a horizontal plane. In the 
case of single-roll crushers, the material is nipped and crushed 
against a plate, while in the case of double-roll crushers, material 
is nipped between the rolls. If more than a single stage of 
crushing is required, four-roll crushers may be employed. Roll 
crushers are particularly adaptable to the intermediate milling 
of such soft materials as coal, shale and phosphate rock. Rolls 
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are suitable to the production of many crushed products as fine 
as yi in. The maximum feed size depends upon the angle of 
nip, which in turn depends upon the roll diameter. Practically, 
roll crushers are rarely built to take feed larger than a few inches 
in size. Depending on the desired reduction, roll crushers are 
available with capacities of several hundred tons per hour, operat- 
ing at as high as 300 r.p.m. and requiring 25 hp. 

Coffee Mills. — ^These are attrition mills, consisting of a trun- 
cated conical rotor, rotating within a truncated conical casing, 
both rotor and casing faces being provided with ridges or teeth. 
Such mills are suitable for handling soft, friable materials, such 
as coal, coke and tanbark. Maximum feed size is generally not 
over 6 in. 

Edge Runners. — In general, these mills consist of one or more 
heavy rolls rotating in a pan. This rotation may be accom- 
plished either by rotating the pan or by rotating the horizontal 
roll shaft about a fixed center. Mills of this type are also known 
as wet and dry pans^ Chilean mills and chasers. The grinding is 
accomplished by the combination of pressure, shear and abrasion. 
Dry-pan mills generally employ a perforated pan which releases 
the fine material when ground. Pan mills are used largely in the 
ceramic industry and for the mixing of plastic masses such as 
black powder, dynamite and putty. Their use in the latter 
connection is based on the combined grinding and mixing effect 
produced. 

Buhrstone Mills. — Mills of this type generally employ two 
wheel-like stones dressed smooth or more frequently cut in 
grooves, one of which rotates in a horizontal plane in contact 
with the other. They are largely employed in grinding soft 
materials, when at the same time such materials are to be incor- 
porated in a liquid medium, as in paint and pigment grinding. 
These mills vary in diameter from 20 to 36 in., revolving at 27 to 
50 r.p.m. requiring 3 to 7.5 hp. 

Attrition Mills. — Many types of attrition mills have been 
devised, one of the most common of which employs two oppositely 
rotating disks between which the material is fed at the center. 
The disks 16 to 36 in. in diameter may be either horizontally or 
vertically disposed operating between 900 and 1800 r.p.m., 
requiring from 9 to 30 hp., and the material is thrown outward 
during their rotation and abraded between the oppositely rotating 
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surfaces. Mills of this type are used for grinding such materials 
as casein, leather and bark. 

Ball, Pebble and Tube Mills. — Such mills reduce by a com- 
bination of pressure, impact and attrition. All operate on a 
similar principle, f.6., that of a cylindrical casing arranged 
to rotate on a horizontal axis and containing as a grinding medium 
metal or porcelain balls or quartz pebbles. Mills of this type are 
used for a wide variety of grinding operations ranging from such 
hard materials as flint to friable drugs and chemical products 
The chief difference between a ball and a tube mill is one of shape, 
the latter being longer and of smaller diameter. Mills of this 
classification are the type generally employed in large-scale fine 
grinding, particularly where the grinding is accomplished wet. 
For dry grinding they may be close-circuited with air separators 
or screens and for wet grinding with mechanical classifiers. 
Certain forms of ball mills are divided into sections containing 
grinding mediums of decreasing size and separated by perforated 
plates. The purpose here is to accomplish several stages of 
grinding in one mill. A similar purpose is accomplished by the 
conical construction employed in the Hardinge mill which effects 
a grading of the balls from large, at the feed end, to small at the 
discharge end, as a result of its peculiar shape. 

Ball and tube mills rarely operate on feed sizes larger than 2 
or 3 in. but are capable of grinding to 200 mesh or finer. Their 
capacities range upward from laboratory size to several hundred 
tons per day for a comparatively coarse product. 

Rod Mills. — Rod mills are somewhat similar to ball mills 
except that the grinding medium consists of cylindrical rods which 
grind the mill charge largely by attrition. Such mills are 
employed to a considerable extent in the metallurgical industry in 
cases where uniformity of product in the size range up to 20 mesh 
is desired. The reduction of cornstalk, cane and wood to uniform 
fibrous masses in synthetic lumber production is a recent appli- 
cation of the rod mill. 

Roller Mills. — Roller mills employ odd numbers of rolls, 
either three, five or seven, and operate their rolls at increasing 
speeds from feed to discharge. They are used principally in the 
grinding of pastes such as paint, ink and chocolate. By reason of 
the increasing speed from roll to roll, the material follows the 
faster roll at each point of contact and so progresses from the 
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feed to the discharge point. Such mills are capable of extremely 
fine grinding and give a highly uniform product. 

Centrifugal Roll Mills. — Several mills secure pressure between 
a rotating element and a stationary element, on which the first 
rolls, by means of centrifugal force. Material that falls between 
the two elements is reduced by an action that is largely com- 
pression. These mills are used for fine grinding, producing 
products as fine as 200 mesh or smaller from comparatively 
friable materials such as coal, shale and limestone. Such mills 
have the advantage of small floor space and comparatively low 
operating and maintenance cost. 

Cage Mills. — Such mills consist of two cylindrical cages made 
of bars, one of which rotates within the other and in the opposite 
direction. These mills are sometimes referred to as disin- 
tegrators. They are particularly suitable for the reduction of 
fibrous materials or brittle materials which soften when heated. 
They are also useful for damp and sticky materials. Among 
their principal uses may be listed tankage, bones and garbage 
reduction for fertilizer. 

Hammer Mills. — Hammer mills find a wide range of usefulness 
in the chemical industry where various types are used. In most 
hammer mills, a rotating drum-shaped element carries swinging 
hammers which beat the material against breaker plates forming 
part of the cylindrical casing and pound the particles, as they 
reach the desired size, through a discharge opening covered by a 
perforated plate, bars or a wire screen. In its various forms, 
the hammer mill is used for a great many materials, ranging from 
friable to tough to fibrous. Certain of these mills will reduce 
to finer than 200 mesh, and, in the coarser crushers, mills having 
capacities as high as several hundred tons per hour are 
available. 

Shredders. — Shredders are of various forms, generally depend- 
ing upon a shearing, cutting and tearing action for reduction. 
They are useful for the disintegration of natural products such 
as wood or bark. Some forms employ knives for the production 
of chips. Others use swing hammers. Still others employ 
disks, rolls or cones. Depending on the type of construction, 
capacity and performance vary widely. 

Effect of Moisture. — Certain materials may contain a con- 
siderable percentage of moisture before there is an appreciable 
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Per Cent Moisfure 

Fiq. 45. — Relation between moisture content and capacity in grinding. {Ray- 
mond Bros. Impact Pulverizer Company.) 




Fig. 46. — Relation between fineness, capacity, and power consumption in grind- 
ing. {Raymond Bros, Impact Pulverizer Company.) 



Fig. 47. — Relation between moisture content, fineness, and capacity of grinding. 
{Raymond Bros. Impact Pulverizer Company.) 
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decrease in mill capacity. ' In others, increasing moisture content 
reduces capacity very sharply. This is indicated by the curves 
of Fig. 45 which show that the capacity with calcium carbonate 

Table 44. — Milling Information Blank 
Power and Mining Machinery Company 

Please fill in answers to the following questions, detach sheet and mail 
with your inquiry: 

193 

1. What is the character of the material to be crushed? 


2. Is the material inclined to break into flat pieces? 


3. What amount of material, in tons or cubic yards, is to be crushed per 
hour? 


4. Through what size of ring is it desired to pass approximately the entire 
crushed product? 


5. How many and what sizes of product do you wish to produce? 


6. Is it desired to return the oversize or rejections to the initial crusher 
to be recrushed or to a separate crusher for this purpose? 


7, What disposition will be made of the fine screenings? 


8. Will storage bins be required and if so what capacity for each size of 
material? 


9. Do you wish us to include in our estimate, power plant for operating 

crushing plant and what kind would you prefer? 

10. Is your location a flat or hillside one? If hillside give us profile as 
nearly as possible with sketch 


1 1. Which system of handling rock for the crusher do you prefer? 

(а) Incline and automatic dump cars. 

(б) Level proposition with end dump cars and tipple. 

(c) Level proposition with side dump cars. 

(d) Overhead cable with skips or buckets. 

(e) Incline chute. 

(f) Incline track with brake. 

(a) Bottom dump cars on tramway. 

(a) Horse and cart. 


(Signed) 

drops off much more rapidly with increasing moisture content 
than that with either bauxite or kaolin. Figure 46 shows the 
relation between fineness, capacity and power consumption in 
the grinding of a material such as barytes in an air separation 


1 Kanowitz, S. B., Chem. Met. Eng.y 32, 199 (1925). 
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pulverizer. Figure 47 shows the relation between moisture 
content, fineness and capacity for various sizes of product. 

Because of the effect of moisture on certain materials, it is 
sometimes dcvsirable to combine drying and grinding in the same 
apparatus. Certain manufacturers arc now supplying air-drying 
pulverizers in which the conveying air used to remove the product 
from the pulverizer is heated in a separate furnace. A considera- 
tion of the three figures just discussed will often show when it is 
desirable to employ an air-drying pulverizer. 

Data Required. — Since much experience is required in deter- 
mining the most efficient and economical method of solving a 
grinding problem, manufacturers of grinding equipment should 
be consulted. They supply information blanks similar to that 
shown in Table 44. 


MECHANICAL SEPARATION 

A large number of unit operations arc embraced under the 
general term of mechanical separation. This group is one of the 
most important employed in the chemical industry. The sepa- 
rations involved may be grouped into five headings as follows; 

1. Separation of solids from gases 

2. Separation of solids from solids. 

3. Separation of solids from solids in liquids. 

4. Separation of solids from licpiids. 

5. Separation of liquids from liquids. 

Separation of Solids from Gases 

Solids are separated from gases by a variety of methods includ- 
ing settling, centrifugal force, filtration, impingement on particles 
of liquid or on wetted or sticky surfaces, and by means of electro- 
static precipitation. These methods are covered by Anderson 
in Perry’s “Chemical Engineers’ Handbook,” Sec. 15. Such 
separation methods are employed to eliminate waste solids from 
contaminated air, to separate valuable solids from conveying air 
in materials-handling equipment, and to separate pulverized 
materials from conveying air in air-swept pulverizers. As an 
example of the information required by dust-collection-equip- 
ment manufacturers. Table 45 is given herewith. 
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Table 45. — Dust Collection Data Sheet 
Condensed (^estionnairb 

Fill in and return to Blaw-Knox Company, Dust Collector Division, 
Pittsburgh, Pa. 

1. Name Date 

2. Address 

3. Kind or nature of dust 

4. List of the sources of the dust where collection is desired. Give size 
. and description of machines where possible. 


5. Description of dust: 

(a) Is it moist or dry? 

lb) Its approximate temperature 

(c) Percentage of moisture by weight 

6. Can you and are you sending us layouts or sketches showing location 

of dust sources and available space fcr locating dust collectors? 


7. Electrical characteristics of your plant 

8. If electrical power not available, how can fan and vibrator be driven? 


9. What is object of installation of equipment? Is it to improve: 

(а) Plant conditions 

(б) To recover valuable substances 

(^) To free surrounding territory from objectionable emanations 

10. Can you scaid us a sample of dust to be handled? 

11. Please describe its physical and chemical characteristics 


12. Do you want an engineer to call? 

All information furnished us will be held strictly confidential and used 
only to enable us to solve your problem. 

If you have any additional information that you think can help us 
understand your problem, please let us have it. Remember that drawings 
will make it easier for us to understand your plant layout. 

Separation of Solids from Solids 

Solids may be separated from solids in the dry state by a 
variety of methods including: 

1. Screening. 3. Electrostatic separation. 

2. Magnetic separation. 4. Air separation. 

Screening. — The method most used for grading dry, solid 
particles is screening, which in the finer sizes is also known as 
sieving and bolting. In every cavse, a woven fabric of cloth or 
metal, or a perforated metal plate, is employed to hold back 
particles above a given size and permit the passage of all particles 
smaller than the given size. In every type of screen, it is neces- 
sary by some means to accomplish motion of the material across 
the screen surface and, in most cases, to keep the material in 
such a state of motion that every particle has an opportunity to 
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pass through if it is sufficiently small. These requirements have 
given rise to a large number of screen types (see Donaldson, 
Perry’s “Chemical Engineers’ Handbook,” Sec. 15), a simple 
classification of which may be given as: 

1. Grizzlies. 

2. Trommel screens. 

3. Fine screens. 

a. Shaking and gyrating screens. 

b. Vibrating screens. 

c. llotating screens. 

d. Impact screens. 

Grizzlies. — Grizzlies are made in various forms, the most 
usual type being a slanting deck of parallel bars which may be 
either stationary or shaking. Such screens are used for large 
tonnages of large-size materials. Coal, coke, and crushed stone 
are materials frequently separated over grizzlies. 

Trommel Screens. — These screens are used largely for gravel 
and crushed stone and consist of cylinders mounted on a slightly 
sloping axis about which they rotate. The cylinder surface is 
made of screen cloth or perforated metal. Customarily two or 
more trommels with progressively finer openings are used in 
series to effect a grading into several sizes. Trommel screens 
operate at low speed between 14 and 21 r.p.m. and are employed 
for relatively coarse material. 

Shaking and Gyrating Screens. — In an effort to duplicate the 
motion of hand screening, many screens are produced with 
mechanism to impart a shaking or gyratory motion to the screen 
deck. Such screens are available with from one to four decks, 
producing from two to five sizes of graded product with capacities 
as high as from 2 to 8 tons per square foot per day. A frequent 
method of avoiding blinding in such screens is to place a number 
of rubber balls on each deck so that the impingement on the 
screen surfaces will knock loose any material that tends to stick. 

Vibrating Screens. — Vibration of the screen cloth is employed 
in a number of types of screen to produce motion of the material. 
Some types employ mechanical vibration through the use of 
rotating ratchets, and others use electromagnets. In one type, 
which is intermediate between the shaking and the vibrating 
screen, the entire screen deck is given a rapid shaking motion by 
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means of an eccentric or unbalanced weight on a rotating shaft. 
Vibrating screens are capable of screening as high as 11 tons per 
square foot per day. In still another type, the entire screen 
deck is given a rapid throwing motion at an angle oblique to the 
surface by means of electromagnets. These last two types are 
perhaps better classified as impact screens. All these types are 
suitable for comparatively fine screening and large capacities. 
The usual lower limit for the fine product from such a screen is 
20 to 50 mesh. 

Table 46. — Relation between Screen Aperture and Size of Laroest 
Partici.e in Product from Various Types of Screens^ 


I 

I Size of aperture, inches 


Size of particle, 
inches 

Round 

Square 

Flat 

surface 

40- to 
45-deR. 
screen 

Revolv- 

ing 

screen 

Flat 

surface 

40- to 
45-deg. 
screen 

Revolv- 

ing 

screen 

0.25 

0.35 

0.50 

0.50 

0.28 

0.38 

0.40 

0.375 

0.55 

0.75 

0.75 

0.45 

0.57 

0.60 

0.50 

0.75 

1.0 

0.88 

0.62 

0.75 

0.75 

0.75 

1.0 

1.50 

1.25 

0.81 

1.15 

1,15 

1.0 

1.5 

2.0 

1.88 

1.15 

1.50 

1.50 

1.25 

1.75 

2.50 

2.25 

1.40 

2.0 

1.75 

1.5 

2.0 

2.75 

2.5 

1.62 

2.25 

2.0 

1.75 

2.25 

3.25 

3.0 

2.0 

2.75 

2.5 

2.0 

2.75 

3.75 

3.5 

2.25 

3.0 

2.75 

2.5 

3.5 

4.75 

4.0 

2.88 

3.75 

3.25 

3.0 

4.25 

5.50 

5.0 

3.5 

4.5 

4.0 

3.5 

5.0 

6.50 

6.0 

4.0 

5.25 

4.75 

4.0 

5.75 

7.50 

7.25 

4.75 

6.0 

6.0 


^ Reproduced by permission from A. F. Taggart, “Handbook of Ore Dressing,” p. 516, 
John Wiley Jc Sons, Inc., New York, 1927. 


Rotary Screens. — Somewhat similar to trommel screens in 
their construction, but intended for finer screening, are the 
rotary screens, sifters and bolters which employ fine mesh wire 
cloth or silk as the screening medium. Such screens generally 
use a stationary brush for the screening surface which assists in 
preventing blinding of the openings. Capacities approximating 
1 ton per square foot per day are possible. 
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Screen Cloth. — Many thousands of different meshes, sizes, 
grades and weights of screen cloth are available, manufactured 
from a variety of different materials. Although the first con- 
sideration is the size of opening, corrosive and abrasive character- 
istics of the material are also of paramount importance. In 
determining a suitable screen cloth, the following characteris- 
tics of process and screen should be considered: 

Product Screen 

Size of product. Size of ine«h or opeiiinj?. 

Weight and abrasive nature of prod- Wire diameter or thickness. 

uct. Size of screen deck. 

Capacity or output. Plain or twilled weave. 

Material, dry or wet. Kind of metal or alloy. 

Chemical characteristics. 

In specifying the size of screen opening, it should be noted that 
a square opening has a larger area than a round opening when the 
diameter of the latter is equal to the side of the square. Table 46 
gives the relation between the screen aperture and the size of 
the largest particle in the product, produced by various types 
of screen with both round and square openings. It will be noted 
that the particle size approaches much closer to the aperture size 
in the case of the square screen. Table 47 presents a manufac- 
turer^information blank for vibrating screens. 

Magnetic Separation, — The simplest form of magnetic sepa- 
rator consists of a chute in which the material comes in contact 
with one or more permanent magnets or an electromagnet. 
Other types employ a magnetized pulley over which material 
is carried on a belt. Recently developed high-intensity magnetic 
separators make use of an intense magnetic field concentrated 
on revolving laminated rotors. Magnetic separators, in the less 
powerful types, are used for removing tramp iron from process 
materials and for separating magnetic and nonmagnetic metals. 
High-intensity separators arc capable of removing material of 
such low magnetic susceptibility as to be almost nonmagnetic. 
Such separations include mica from feldspar and other purifica- 
tions of nonmetallic minerals. 

Electrostatic Separation. — The Huff separator is the only elec- 
trostatic separator for solids and should not be confused with 
the Cottrell precipitator for separation of gas dispersoids. It is 
used to a small extent in the separation of nonmagnetic materials. 
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Table 47. — Learn What the Hum-mer Electric Screen Will Do 
ON Your Material 

FILL OUT THIS FORM AND SEND THE SAMPLES REQUESTED 

Screen analyses and, if necessary, capacity tests will be made with your 
samples. 

A report of the results and a recommendation as to equipment will be 
forwarded to you. 

If Hum-mer capacity tests are made, samples of the screened products will 
be forwarded. No charj^e will l)e made for this service. 


The material is and is used for. 


Samples sent (charges to he prepaid) 


(DATE) 


Mark 8amplo.s Amt. desired 

as below 

for test 

(a) To be screened 

50 lb. 

(6) 1st product 

1 lb. 

(c) 2nd product 

1 lb. 

(d) 3d product 

1 lb. 

Material will be 



Present 
eapaeity 
(Tons per 
hour) 


Capacity 
desired 
(Tons per 
hour) 


Check 

Mail □ 
..via: Express Q 
Freight □ 


Description 
or specifica- 
tion as to 
fineness 


Mesh and 
wire iLsed at 
present 


all pass 


screened Dry 

Check 


Damp % Wet With water 

Moisture Check Check 


What improveiiKuit is desired? 


Crushers used 


Name and Type 


Number 


Screens now in use 

Name and type Number Screening angle 

Headroom available. Floor space available 

(A rough sketch showing floor space and headroom will help — 

Use back of sheet) 


Remarks: 


If electric power available, specify volts cycle phase.. 


Name of Company 

Street Address 

City and State 

Date 


194.... By. 


Title or Position. 
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Its action depends on the fact that certain materials will assume 
a static charge in passing over a highly charged surface and will 
be attracted out of the line of fall by an oppositely charged sur- 
face. Unfortunately, the performance with various materials 
can be determined only by test. 

Air Separation. — The size grading of particles in dry grinding 
operations is often accomplished by taking advantage of the 
different rates of fall of different sizes of particles in an air stream. ^ 
Sometimes the particles are also subjected to centrifugal force, 
but the principal separation is accomplished by differences in 
settling rates. This subject is covered by Kanowitz (Perry ^s 
Chemical Engineers’ Handbook,” Sec. 16). 

Separation of Solids from Solids in Liquids 

The resistance offered to the fall of particles through a liquid is 
used in several methods of separation of particles. Some of these 
methods depend principally on differences in particle size and 
others on differences in specific gravity. All these schemes were 
developed in the metallurgical industry where they are used to 
a much greater extent than in the chemical industry. The fol- 
lowing arbitrary classification is offered for this equipment: 

1. Basis of particle size. 2. Basis of specific gravity, 

ar- Settling basins. a. Hydraulic jigs. 

5. Classifiers. b. Concentrating tables, 

c. Elutriators. c. Flotation machines. 

Of these several methods, only the classifiers have been used to 
any considerable extent in the chemical industry, although the 
equipment of Group 2 is being used to an increasing extent in the 
concentration of nonmetallic materials for chemical processes. 

Settling Basins. — Settling basins are used very little in the 
chemical industry for size separation. If particles suspended in 
water are carried into a region where the velocity is considerably 
decreased, the heavier particles will settle nearer the entrance, 
while the lighter particles will be carried nearer to the discharge. 
This method is employed today principally in equipment of 
conical shape known as Spitzkastens and Callow tanks. By 
employing a series of Spitzkastens of increasingly larger diameter, 
a fairly good size separation can be effected. 

^ Shepherd, C. B., and C. E. Lapplb, Jnd, Eng. Chem.j 31, 972 (1939). 
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Classifiers. — Several sorts of classifier have been employed in 
the metallurgical industry, but only one of these has been used to 
any considerable extent in the chemical industry. This is the 
Dorr classifier, which is discussed by Anable (Perry\s ‘‘Chemical 
Engineers’ Handbook,” Sec. 15). This equipment consists of a 
trough with a sloping bottom over which a reciprocating rake 
rakes settled solids from the feed end to the elevated discharge. 
Feed is at the deep end of the trough, at which end the fine mate- 
rials which remain in suspension discharge with the water. 
The solids which settle are raked to the upper end and there dis- 
charged. A form of classifier for finer separations employs a 
small bowl thickener in series with the trough classifier. The 
fines discharge at the periphery of the bowl, and the oversize is 
raked out of the classifier. 

The most important use of classifiers is in closed circuit with 
grinding apparatus. Classifiers also arc used for the countercur- 
rent washing of many materials and for the desliming of certain 
pulps. Table 48 shows the data required by the manufacturer 
in specifying a Dorr classifier. 

A new classifier recently developed by the Hardinge Company 
also finds application in the chemi(‘al industry. This type 
of classifier consists of a sloping cylinder containing a spiral flight, 
which, when the cylinder rotates, tends to convey all material 
which settles to the central discharge. Fines overflow with the 
water from the lower end. 

Elutriators. — These are of no commercial significance in the 
chemical industry, being used particularly in the metallurgical 
industry; they are sometimes employed in the laboratory for size 
determination. (Donaldson in Perry’s “Chemical Engineers’ 
Handbook,” Sec. 15.) 

Hydraulic Jigs and Other Concentrators. — Jigs are used to a 
considerable extent in the metallurgical industry in the concen- 
tration of ores, i.c., in increasing the percentage of values in one 
fraction of a crushed material and decreasing it in the tailings. 
The crushed material is placed upon a screen and water is caused 
to flow up and down through it with a pulsating action. The 
particles of different specific gravities tend to segregate and 
stratify. However, the jigging action is also influenced by 
particle size and so tends to give only partial separation. A simi- 
lar characteristic is inherent in the concentrating table, which 
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consists of a slightly sloping deck on the surface of which are 
riffles and which is given a reciprocating motion. The two fore- 
going methods have decreased relatively in importance, while 

Table 48. — Data Sheet 

Inquiry should be accompanied ])y complete information, as outlined below, 
to enable us to determine the proper size of and specifications for classifier, 
and to plan a suitable closed-circuit arrangement where used. 

Tons of dry solids per hour in original feed to classifier 

Tons of dry solids per hour in overflow (same as original feed for closed- 

circuit grinding) 

Specific gravity of solids 

Specific gravity of solution 

Mesh at which separation is desired 

Representative screen sizing of feed, if available 

Dilution of feed (ratio liquid to solid by weight) 

Limits of variation of feed dilution 

Dilution of overflow desired 

Permissible variation in dilution of overflow based on subseipient treat- 
ment 

General description of solids (mineralogical and physical) 

Approximate flow sheet immediately preceding and following classifier... 

Position of drive pulleys (see sketch on page ) 

Position of feed entrance (see sketch on page ) 

Include following information if duplicating classification now being ob- 
tained in your plant, otherwise above information will determine these 
specifications. 

Type of classifier 

Width and length 

Slope of bottom in inches per foot 

Speed of rakes (f.c., R.p.m. of cam shaft) 

If for closed-circuit operation with grinding mill include following: 

Make and size of mill 

Radius of feed scoop 

Diameter of discharge bell 

Overall length from outside feed .scoop to outside-discharge bell 

Outside-diameter driving gear on mill 

Include certified general dimension drawing of mill if possible. 

Side of mill on which cla.ssifier is to be placed (right or left hand when at 
end facing feed end of mill). 

Where space is limited give the approximate dimensions that can be used. 
When a new mill is to be purchased, it is advisable to delay specifying 
the radius of the feed scoop until the closed-circuit arrangement has been 
decided upon, and the most desirable radius of feed scoop determined. 

flotation has increased in use with the di.scovery of new flotation 
agents. The ba.sis of this operation i.s the fact that certain 
materials, such as pine oil, will attach themselves selectively to 
particles of certain chemical compositions. Thus, if the ore is 
ground finely and then mixed in water with the flotation agent 
at the same time that air is beaten into the mixture, bubbles of 
flotation agent and air will attach themselves to the valuable 
particles, causing them to float to the surface from which they 
can be skimmed. The gangue materials, however, sink to the 
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bottom and are drawn off. These three methods have been 
covered by Donaldson (Perry^s Chemical Engineers^ Hand- 
book,” Sec. 15), 

Separation of Solids from Liquids 

A wide variety of equipment is employed for the separation 
of solids from licjuids. In general, however, there are four 
principal divisions of this field as indicated in the following 
classification : 

A. Pressinj'. 

1. Expollers. 

2. Curb presses. 

B. Draining;. 

1. Natural draining. 

2. Drag conveyors. 

3. Classifiers. 

C. Filtration. 

1. Clravity. 

a. Sand filters. 

b. Bags. 

c. Nutsclies. 

2. Vacuum. 

a. Interinittont. 

h. Continuous. 

3. Pressure. 

a. Plat(5 filter presses. 

h. Leaf pressure filters 

Pressing. — Mechanical and hydraulic presses are used for 
extracting oil from seeds, whey from casein, red oil from stearic 
acid, juices from fruits, etc. Depending on whether pressure is 
applied by a screw or by a mechanically or hydraulically operated 
plunger, this equipment takes the name expeller or press. 

Draining. — Any operation in which liquid is removed from 
solids by the action of gravity while the solid is retained on the 
ground, on a sloping solid deck or on a screen is known as drain- 
ing. The operation of the Dorr classifier depends in part on this 
phenomenon. Draining is also used for the partial dehydration 
of coarse solids which may be piled on the floor or supported on 
screens. (See Anable, Perry^s ‘‘Chemical Engineers' Hand- 
book,” Sec. 15.) 


C. Filtration {continued). 

4. Centrifugal. 

a. Batch. 

6. Seinicontinuous. 
c. C/ontinuous. 

D. Settling and decanting. 

1. Thickeners. 

o. Nonmechanical. 

6. Mechanical. 

2. Centrifugals. 

CL Batch. 

b. Seinicontinuous. 

c. Continuous. 

3. Liquid separators. 

a. Swing pipe. 
h. Multiple drawoff. 
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Filtration.^ — Since filtration is one of the most commonly used 
operations, both in chemical plants and in metallurgy, a great 
variety of filters has been developed. (See Irwin, Perry^s 

Chemical Engineers^ Handbook,’^ Sec. 15.) Filtration is the 
operation of separating a solid from a liquid by means of some 
form of membrane, usually a wire or fabric filter cloth. 
The membrane retains the solid,, while the liquid passes through 
under whatever pressure is being used to effect the filtration. 

Gravity Filtration. — The simplest of all filters, that in which 
the liquid is caused to flow through the filtering medium under 
the action of gravity, has several represc^ntatives, including the 
slow sand filter, ordinary filter l)ags and various sorts of false- 
bottom filters and nutsches. The latter is ordinarily a wooden 
filter tub, containing a perforated false bottom on which the filter 
membrane, usually a cloth, is supported. Vacuum may be 
applied beneath the cloth in this type, making it a vacuum filter. 
Such apparatus is used only when the resistance to filtration is 
relatively small; the equipment is generally homemade. 

Vacuum Filtration. — Batch vacuum filters are of little impor- 
tance today, although occasionally leaf-shaped elements, covered 
with filter cloth, are arranged for attachment to a source of 
vacuum and for lowering, by crane or other means, into a tank 
containing material to be filtered. Much more important than 
the batch type is the continuous type which has three principal 
representatives: 

1. Drum type vacuum filters in which the filter membrane covers the 
outer periphery of the drum. 

2. Drum type filters in which the filter membrane covers the inner 
periphery of the drum. 

3. Vacuum filters with disk- or spindle-shaped filter elements. 

With any sort of vacuum filter, the filtering pressure is less 
than 14.7 lb. per square inch. Consequently, this method is 
suited only to free-filtering materials, which will rapidly build a 
thin, unbroken cake on the filter surface. Filters of this type 
require little labor and have the advantage over pressure filters 
of giving a continuous discharge. Furthermore, in certain 
types, the cake can be more or less completely dried after wash- 

^ Wright, A., ‘^Industrial Filtration,” Reinhold Publishing Corporation, 
New York, 1923. 
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ing, by permitting warm air to be sucked through the cake before 
discha^e. 

Exterior Drum Filters.— This type, of which the Oliver is 
typical, is made in numerous sizes, up to diameters as large as 
14 ft. or more. The periphery of the drum is divided into sectors, 
each of which is completely covered with filter fabric and inde- 
pendently connected to a port valve designed to control the 
application of vacuum and the efflux of filtrate, wash water and 
drying air. The drum is supported in a filter tank containing 
the material to be filtered. As it rotates, filtrate passes through 
the fabric and solids attach themselves to the surface. As 
rotation continues, the (*ake is usually sprayed with wash water 
and then scra{)ed off just before it would return to the liquor tank. 

Internal Drum Vacuum Filters. — This filter, of which the 
Dorreo is the representative, is similar in principle to the fore- 
going except that the filter fabric is applied to the inner surface 
of th(^ drum so that the drum itself serves as the filter tank, thus 
adapting the machine to (puck-settling solids. The discharge is 
accomplislied from within the drum by means of a chute or screw 
conveyor. 

Disk Vacuum Filters. — Such filters are known as the American 
type and are composed of from 1 to 12 disks, each of which is 
divided into several sectors which are individually connected to 
the proper discharge ports hy means of a port valve. Filters 
with disks as large as 12 ft. in diameter have been built. 

Spindle-type Vacuum Filters. — \'acuum filters with tubular 
(‘lements are of two sorts, the filter type and the thickener type. 
The filter type uses tubular (dements mounted on a spider which 
rotates in a manner similar to the drum of a continuous rotary 
filter, except that agitation of the tank contents is provided by 
a reciprocating motion superimposed on the rotation. The 
thickener type employs an intermittent reverse flow of filtrate 
to discharge the cake into the filter tank, so that the thickened 
cake settles to the bottom from which it can be withdrawn as a 
heavy sludge. 

Table 49 is typical of the data sheets issued by vacuum-filter 
manufacturers to prospective purchasers. 

Pressure Filters. — The principle of pressure filters differs from 
that of vacuum filters only in the fact that a positive rather than 
a negative pressure is used to force the filtrate through the filter 
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membrane. On this account, pressures as high as desired can 
be attained. Consequently, materials not filterable on vacuum 
filters may be handled by this means. 

Filter Presses. — Filter presses are of two general types, those 
employing both plates and frames and those using recessed 
plates. In either case, two end supports, one of which is mov- 

Table 49. — Dorrco Filter Information Sheet 

The following information should accompany reciucsts for filter recommenda- 
tions and quotations. 

Number of filters wanted 

Kind of material to be filtered 

Maximum size of feed (mesh) %-200 mesh 

Ratio liquid to solid in feed Tons solids in feed per lir 

or gallons per minute of feed 

Specific gravity of solids of liquid 

Physical characteristics of solids (granular or clayey) 

Chemical composition of liquid (if other than water) 

Is cake to be washed with 

Soluble constituent to be removed % in feed liquor 

Per cent wanted in washed dry cake 

State any limitation on amount of wash liquid 


Is wash liquid to be kept separate from original liquid 

Temperature of feed of wash Ihpiid 

Elevation of plant above sea level 

Direct connected motor or bolt drives wanted 

Electrical characteristics, A.C. or D.C.. . . volts. . . cycles phase. 

Should suitable vacuum pump and blower be included 

If not, explain available vacuum and air pressure and volume available..., 


Elevation of filtrate pump discharge above filter 

Give any information available on filb^r results on same mat(>rial. 


If liquid is corrosive state metals which will best withstand action 

Name of Company 

Name of Individual 

Position 

Mail Address 

Shipping Address 

able, are joined together by heavy side rails on which the plates 
and frames rest. The plates are grooved and serve as a backing 
for the filter cloth on which the solids are deposited, while the 
liquid passes through, runs out the grooves and leaves the press. 
In the case of the plate-and-frame type, the space for cake is sup- 
plied by the frames. In the recessed type, the recess in the plate 
accomplishes the same purpose. F.ilter presses are widely used 
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and are available in numerous sizes. Table 50 gives a data 
sheet for information required in specifying filter presses. 

Leaf Pressure Filters. — Such filters are of several types, but 
the principal variations are two: (1) filters containing stationary 
leaves; (2) filters containing rotating leaves. The latter type 
gives better uniformity of cake but is more expensive. 

The first type is exemplified by the standard Sweetland filter 
and the Kelly filter. The former uses pancake-shaped filter 
elements covered with filter cloth and supported witliin a cylin- 
drical casing, the bottom half of which drops for discharging. 
The Kelly press uses n'ctangular elements, disposed horizontally 
within a cylindrical casing which may be withdrawn over the 

Tahi.k 50. — Data Sheet 
F ill out and return to 

T. SH RIVER & CO. 

IJarri.son, N. J. 

1. Name of manufacturer Enj^ineer 

2. Address of manufacturer 

3. Material to ])e filtered 

4. Name and nature of li(iuid Sp. gr 

Acid, alkaline or neutral Viscosity 

' Percent and kind of acid.. Alkali.., 

5. Name and nature of solids Sp. gr 

Colloidal, fine, coarse, slimy, granular or (crystalline. 

0. Ratio of solids to total by weight.. By volume 

Is ratio constant 

7. Must cake be washed With what 

How thoroughly Maximum quantity of wash allowed 

8. Do you save; cake, filtrate and wash 

9. May cake be air (Iried Is cake dried after filtration 

10. Tcm])erature of filtration. Minimum °C. Maximum °C. 

11. (2\iantity of material to be handled per day of hours .. 

12. What materials may be us('d for filtration equipment 

13. How do you filler at present 

Filtering medium. Pressure Filter aid 

Type of eipiipment 

Size... Filtering area.. 

Capacity 

14. What limitations miust we observe in making recommendations in 

respect to present plant (wcle._ 


Floor space. 

General 

15. Rernarkfv . .. 


We require a ininLimum of five gallons of material for test purposes 
Ship to 

T. SHRIVER & COMPANY ^ 

Harrison, N. J. 

via express or freight, Erie or Pennsylvania R.R, delivery. 
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Table 51. — Data Sheet 
United Filters Corporation 
H azleton, Pa. 

This sheet returned properly filled in will save time of preliminary corre- 
spondence and greatly facilitate a thorough understanding of your particular 
filtration problem. As much as practicable, of tlie information recjncstcd 
should be furnished us regardless of whether or not sample is submitted 
for tests. 

We can serve you best by testing sample in our own laboratory. Ten to 
fifty gallons, depending upon the amount of solids in suspension, is sufficient. 
Forward sample to our Laboratory in Hazleton, Pa., by express prepaid 
and we shall make tests without any charge to you. Arrangements can b(‘ 
made to conduct tests in presence of your representatives if you so desire. 

Please give us the names and addresses of your operators who may be 
interested. 

Name of Company 193 

Manager Engineer 

Post Office Address 

Freight Address 

Chemical composition or nature and density of liquid . 

Chemical composition or nature and specific gravity of solids . 

Relative proportions by weight of solids to liquids 

Which is the valuable product, liquid or solids or both?. . . .. 

Physical characteristics of solids; Lc., crystalline, granular, slimy, colloidal, 

etc 

Screen analysis 

Retained on mesh 40 80 100 150 200 Through 200 

Percents % % % % % % 

Is it necessary to wash cake? How thoroughly? 

Must wash water be kept separate from filtrate? 

Temperature at which you prefer to filter Permissible range 

If liquid is acid, state kind and concentration 

If liquid is alkaline or caustic, state nature and percentage 

What metal, alloy or other materials best resi.st action of the material? 


Is it necessary to dry cake? How thoroughly?. 

Does cake crack on washing? On drying? 


Must material be handled in batches? 

Will it be permissible to add a filter aid to increase filtering rate? 

Elevation of installation above sea level 

Total quantity of solids (dry weight) or filtrate it is desired to handle per 

24 hours. Also number of hours per day filter can be operated 

Type, dimensions, area and capacities of present filter equipment 

Remarks: 
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ends of the elements for discharging. The rotating-leaf type 
is exemplified by the Vallez filter which uses either pancake type 
elements or radial leaves rotating within a cylindrical casing. 

Table 51 shows the sort of data requested by pressure-filter 
manufacturers from prospective purchasers. 

Filter Cloths. — Success in filtering depends largely on the 
suitability of the membrane chosen for the separation in question. 
Filter cloths are of numerous materials including cotton^ nitrated 
cotton, wool, cameFs hair, and numerous metals and alloys. No 
general-purpose filter cloth, suitable for all materials, has ever 
been developed.^ To assist the filtration, it is often necessary 
to add a filter aid to the sludge before passing it into the filter. 
Filter aids arc generally composed of diatomaceous earths, which 
are inert toward most of the substances filtered. They assist 
materially in clarification by depositing on the cloth and pre- 
senting a much less pervious filter surface. Filter aids are partic- 
ularly useful for the removal of very finely divided materials. 

Settling and Decanting. — Thickeners and settling tanks are 
most commonly thought of in this connection. However, 
immis(*ible liquids of different specific gravities are often sepa- 
rated by this means, as are licpiids from liquids, and liquids from 
solids, by means of centrifugals. 

Thickeners. — The simplest form of thickener is an ordinary 
settling tank arrangc'd for the decantation of the clear liquid after 
settling. Nonmechanical, continuous settling tanks have con- 
ical bottoms from which thickened slurries high in solids, are 
continuously discharged. The most widely used tliickener is the 
mechanical type of which the Dorr is typical. This is a square or 
circular settling tank, with discharge generally taking place from 
the entire periphery and wuth the feed at the center. Settled 
solids are moved to the bottom center by a rotating rake and 
discharged. 

Centrifugal Separators. — A centrifugal separator consists of a 
rotating bowl or basket into which the materials to be sepa- 
rated are fed. The centrifugal force of rotation accomplishes the 
separation. Such separators are of several types, although there 
are only two fundamentally different principles employed. One 
sort, operating by filtration, uses a perforated basket on which 
the solids are retained while the liquid passes through. The 

^ New Aids to Filtration, Chem. Met, Eng., 46 , 212 (1939). 
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other uses a solid basket or bowl against which the solids deposit, 
while the liquid remains closer to the center and is withdrawn 
over a dam. This latter type operates by accelerated settling 
and decantation and is also used for the separation of immiscible 
liquids. Small-diameter, high-speed machines, which are of the 
latter type, are generally known as centrif uges. Large-diameter, 
slower speed machines, which may be of either type, are generally 
known as centrifugals.^ 

Slow-speed Centrifugals. — This type is most generally built 
with a perforated basket which may or may not be lined with a 
filter fabric. In this type, the principal variations relate to the 
method of driving, one form being the imderdriven (not much 
used in chemical industries) and the other form being the over- 
driven or suspended basket. For some materials, an open- 
bottom basket suffices to discharge the material automatically 


Table 52. — Capacities axu Performance of C'oxtinuoi s ('entrifugals^ 


Basket 

diameter, 

in. 

Maxi- 

mum 

r.p.m. 

of 

basket 

Low 

differ- 

ential 

per 

1 ,000 
r.p.rn. of 
basket 

Capac- 

ity, 

tons per 
hour 

lliRh 

differ- 

ential 

per 

1 ,000 
r.p.m. of 
basket 

Capac- 
ity, ton.s 
per 
hour 

Weight, 

lb. 

Floor 
space, 
sq. ft. 

Horse 

power 

48 

1,000 

8 

2,5 

60 

100 

12,000 

49 

30 

36 

1,200 

8 

1,5 

60 

6t) 

0 , 000 

49 

25 

26 

1,600 

G 

6 

40 

30 

5 , 500 

25 

15 

18 

2,100 

4 

>2 

30 

4 

4 , 000 

20 

10 


1 C. H. Elmore. 


when the speed is slackened sufficiently. In others, material 
must be dug from the basket and discharged from the bottom, 
when the bottom valve plate is opened. Automatic diggers are 
available. One form of centrifugal employs a basket rotating on 
a horizontal axis and is capable of discharging at full speed and 
so gives semicontinuous operation. Another form of contin- 
uous centrifuge (Bird) utilizes the conical horizontal revolving 
chamber, throwing the solids against the inner face of the cone, 
from which it is scraped and moved forward to the small dis- 
charge end, while the liquid, confined to the larger end of the cone, 
flows out at that end. Other types, built both with horizontal 

1 Sharples, L. P., Ind. Chem. Eng.yZl^ 1072 (1939). 
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and with vertical baskets, are equipped with scraping devices 
writhin the basket which continuously remove the solids and thus 
give continuous performance. Table 52 shows capacities and 
performance of Elmore continuous centrifugals. Table 53 gives 
capacities of various types of Tolhurst batch centrifugals. 

One form of slow-speed centrifugal employs a solid basket for 
the accelerated settling and intermittent discharge of solids. 
This type is generally used for clarification, i.e., where the per- 
centage of solids is low. Continuous centrifugals of the slow- 
speed type are also built wdth solid baskets. 

High-speed Centrifuges. — These are of tw^o types: the Sharpies 
type which employs a long hollow bowl of small diameter and is 
rotated at a very high speed; and the DeLaval type, employing 
a short disk bowd of large diameter. Such ctiuipment is used 
largely for clarification and for separation of immiscible' Ikiuids. 

A variation of the high-speed type, for intermittent but semi- 
automatic discharge of the solids, is the Rotojector wdiich uses 
hydraulic pressure generated by the rotation of the bowl to 
uncover ports for occasional discharge ejf the solids. 

A convenient means of estimating the effect of centrifugal 
force is to compare that forces wdth gravity which may be done 
by the following approximate formula: 

= AT 

5,000 


where D = diameter of basket in feet, . 

S = r.p.m. of the basket. 

N = the number of times centrifugal force exceeds gravity. 

Separation of Liquids from Liquids 

Liquids which are immiscible and not emulsified one within 
the other are readily separated by gravity settling and decanta- 
tion. This separation may be hastened by the use of centrifugal 
separators which, under certain circumstances, are also able to 
effect the separation of emulsions. 

MIXING 

Whether the materials mixed are liquids, solids or gases, or any 
combination of these, the fundamental object to be accomplished 
by theoretically perfect mixing is always the same and has been 
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defined by Valentine and MacLean (Perry^s Chemical Engi- 
neers’ Handbook,” Sec. 14) as follows: '^In all cases two or more 
materials existing either separately or in an unevenly mixed 
condition are, by mixing, to be put into such a condition that 
each particle of any one material lies as nearly adjacent as pos- 
sible to a particle of each of the other materials.” Such perfect 
results are never attained in practice, and, in fact, there are cases 
where this perfection would not be desirable. However, the 
object in most cases is to approach as closely as possible to the 
ideal with the minimum expenditure of power and in the shortest, 
most economical period of time. 

Mixing, to a greater extent than any other of the chemical 
unit operations, retains its status as an art, for it still has very 
little scientific foundation. On this account, a great number of 
types of mixer have been developed, many of which are far from 
satisfactory. Furthermore, each industry has developed its own 
particular form of mixer, whereas it is i)robable that, with a better 
scientific basis, a comparatively smaller number of types would 
serve for all industries. 

Valentine and MacLean have stated that the practical aims 
of mixing arc four: 

1. To produce simple physical mixtures, such as that of two or more 
miscible fluids, two or more uniformly divided solids, or a mixture of phases 
where no reaeflion or changes of particle size take place. 

2. To accomplish physical change, such as the solution of one component 
in another, the formation of crystals from a supersaturated solution, the 
selective adsorption of minor constituents by adsorbents such as fuller^s 
earth, and the flocculation or deflocculation of particles. 

3. To accomplish dispersion, wherein a quasi-homogeneous product is 
produced from two or more immiscible fluids, or one or more fluids with 
finely divided solids. 

4. To promote a reaction. This latter is perhaps the most important 
use of mixing in the chemical industries, since intimacy of contact between 
reacting particles is necessary as a condition of proper reaction. 

The choice of a suitable mixer will often depend upon trial, 
although certain types are known to be suitable for particular 
sorts of mixing problems. One fact, however, may generally be 
definitely stated, and this is that the proper performance of a 
mixing operation can usually be obtained only in a machine of a 
calculated size, or smaller. This follows from the fact that the 
mixer size increases in three dimensions, whereas the active 
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surface of contact increases in only two dimensions. On this 
account it will often be necessary to duplicate a suitable small 
machine to provide given capacity, rather than to employ a 
single larger machine. 

Badger and McCabe^ have stated that the simplest classifica- 
tion of mixing problems includes three types: (1) mixing of liquids 
with liquids; (2) mixing of liquids with solids; (3) mixing of solids 
with solids. A somewhat more complete classification is that 
of Valentine and MacLean who have divided some forty types of 
mixers into the following: 

1. Flow mixers. 

2. Paddle or arm mixers. 

3. Propeller or helical mixers, including screw conveyors. 

4. Turbines or centrifugal impeller mixers. 

5. Miscellaneous types including slurry, mass, solid and drum mixers. 

It will be noted that this second classification is based upon 
equipment rather than materials. 

The requirements of a satisfactory mixer, a(‘cording to V'alcn- 
tine and MacLean, are first, that it yield a desired degree of mixing 
at the point of most intense agitation; and second, that a satis- 
factory rate and direction of motion of the entire body of material, 
however remote from the mixing element, must be estal)lished 
and maintained. Whether a particular type of mixer will meet 
these criteria in a given problem can often be determined only by 
experiment. Specific performance will be influenced by the fol- 
lowing physical factors which play a part in all mixing operations: 

1. Consistency or apparent viscosity of the mixture, and mixing velocity. 

2. Specific gravity of the continuous phase, and relative gravities of each 
phase. 

3. Other physical properties of the material, before or during mixing. 

4. Relative proportion of the materials and their order of addition to the 
mixture. 

Flow Mixers. — In mixers of this type, the material is practi- 
cally always pumped through, and the mixing effect produced by 
interference with the flow. Mixers of this type are used in 
continuous or circulating systems, generally for miscible fluids, 
or occasionally for the mixing of two phases. This principle of 

^Badger, W. L., and W. L. McCabe, Elements of Chemical Engineer- 
ing/* 2d ed., p. 511, McGraw-Hill Book Company, Inc., New York, 1936. 
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mixing is employed in mixers where one jet impinges upon 
another, in injector mixers where a second ingredient is injected 
into the main stream, in baffle and orifice columns, in air-lift 
and long draft-tube mixers, in mixers using centrifugal pumps 
with or without recirculation, and in towers for the absorption 
of gas in liquids. 

Paddle or Arm Mixers.- — This group includes a great number of 
types ranging from simple paddles to combinations of stationary 
and moval:>le paddles, and double-motion agitators consisting 
of two paddles ()i)erating in opposite directions. This group 
includes the familiar horseshoe type of agitator suitable for mixers 
where the material must be scraped continuously from the sides 
of the containing vessel. It includes traveling paddle agitators 
used in large tanks containing slurries upward of 1,000 cu. ft. 
capacity which must be k('pt in suspension by agitating at a rate 
of 1.5 to 6.5 r.p.m. such as mixed raw materials for Portland 
cement manufacture. It also includes a number of more special- 
ized mixers such as those in which a group of paddles is set off 
center, with or without the addition of one or more mulling 
wheels, within a rotating pan; and those in which a rotating 
paddle set off center describes an epicyclic course in a stationary 
pan. The group also includ(\s heavy double-arm dough mixers 
with impellers of the Z or S type for the handling of heavy, 
doughy, gummy and plastic masses. 

Propeller Mixers.^ — Ih’opellers of three or four blades, operating 
with peripheral speeds in the range between 1,000 and 2,000 ft. 
per minute, are often used for mixing operations. The portable 
types, generally using two propellers with blades set to propel 
in opposite directions (push-and-pull type), are most common. 
Sometimes, however, a permanent installation is made ’^th the 
propeller driven from the top or through the side of the tank. 
One of the most efficient types employs a draft tube consisting of 
a concentric tube surrounding the propeller, usually with close 
clearance, and so set as to guide the flow and give the greatest 
possible motion to the entire tank contents. A variation of this 
type is the soap crutcher, which substitutes a continuous helix 
for the propeller and is vsuitable for the mixing of heavy pastes. 
Another form of helical mixer is the horizontal, double-ribboned 
type, in which scraping and mixing flights, supported on a 
rotating shaft within a horizontal trough, are used to accomplish 
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the mixing of solids. This type is occasionally used for moder- 
ately thin pastes as well. 

Turbine Mixers. — Turbine mixers use impellers similar to a 
centrifugal pump impeller, submerged in the material to be mixed 
and rotating at moderately high velocity. The impeller may or 
may not be provided with stationary deflecting rings. The most 
efficient type, however, employs such a deflector and thus makes 
possible the most efficient application of power. In this type, 
motion is largely in a radial direction until the flow strikes the 
container wall, whereupon it travels upward or downward and 
returns to the impeller, thus bringing the entire contents of the 
container under the mixing influence. One patented form of the 
turbine mixer, the Turbo-mixer, is made in a number of varia- 
tions for both batch and continuous mixing of liquids, with 
viscosities as high as paints and lower, and for the contacting of 
liquids and gases. 

Miscellaneous Mixers. — The tumbling barrel, ball mill, rake 
mixer, spray type Feld scrubber, paper beater, mixing or com- 
pounding roll and putty chaser are among the miscellaneous 
types of mixing eciuipment. Compounding of he'avy, semidry 
masses such as required for Haveg constriu^tion has led to the 
introduction of the Lancaster type pan mill, which has a revolv- 
ing pan as well as a circular motion of the muller. In addition 
may be mentioned the colloid mill and the homogenizer. There 
is some overlap between the fields of these two machines, but, in 
general, it may be stated that colloid mills are mostly iiscid for the 
dispersion of liquids and solids, whereas homogenizers are used 
entirely for the production of emulsions. A secondary appli- 
cation of the colloid mill is for this latter purpose. 

Colled Mills. — The action of colloid mills is a combination of 
fluid shear and (usually) impact caused by high centrifugal force. 
Although there are many different types of construction, all 
colloid mills operate by forcing the materials to be dispersed or 
emulsified between surfaces placed very close together and having 
a high relative velocity with respect to each other. In some 
colloid mills this relative velocity is obtained by the use of two 
closely placed rotors, rotating in opposite directions. In others, a 
rotor rotates with close clearance within or adjacent to a stator. 
Colloid mills have very high power requirements, the commercial 
units varying from 5 to 100 hp. at 3,600 r.p.m. 
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Homogenizers. — The homogenizer consists of a high-pressure 
hydraulic pump in combination with a spring-loaded valve 
through which the pressure is suddenly released so as to give a 
very high degree of impact of the components being emulsified 
against a plate or ring. Pressures in excess of 1,000 lb. per square 
inch are generally employed. Homogenizers are used in the 
production of certain pharmaceuticals and cosmetics, and to a 
considerable extent in the dairy and ice-cream industries. 

Power Consumption of Mixers. — Not much information on 
the power consumption of mixing equipment is available. Bad- 
ger and McCabe {ibid., pp. 514-516) give power-r.p.m.-time 

Table 54. — Koven Mixer Specification Sheet 

It will help a great deal in making our recommendations if you will answer 
the following questions in as much detail as possible: 

1. What are these mixers to be used for? 


(а) If solids, give the size of particle and the kind of solvent used. 
Also give viscosity of the finished product. 

(б) Name common material nearest in consistency to the product 
which you will finally obtain, such as water, light oil, heavy oil, 
molasses, dough, etc. 

2. Required capacity in gallons? 

3. Space availaole to set up mixer: — 

Width? Height? 

4. What is the metal out of which mixer is to be made? 

5. Is mixer to be lined? If so, with what material? 

6. Is mixer to be plain or jacketed? 

(a) Full jacketed Pounds pressure? 

Half jacketed Pounds pressure? 

(c) Bottom only jacketed Pounds pressure? 

(d) Sides only jacketed Pounds pressure? 

7. Is mixer to be heated? 

(a) Direct fired? 

i b) Indirect fired? At what pressure? 

c) Coil heated? What is the size of coil? 

Of what metal is coil to be made? 

8. What is to be the shape of head? 

(a) Flat Riveted, bolted, half-hinged, or full-hinged? 

(b) Concave Riveted, bolted, half-hinged, or full-hinged? 

(c) Convex Riveted, bolted, half-hinged, or full-hinged? 

(d) Conical Riveted, bolted, half-hinged, or full-hinged? 

(e) Open 

9. What is to be the shape of bottom? 

(o) Flat (c) Concave 

(b) Conical (d) Convex 

10. Inside Details: Is mixer to be 

(a) Open? Half-hinged? Full-hinged? 

(b) Pressure tight 7. Pounds pressure? 

(c) Vacuum tight? Inches of vacuum? 

(d) Vapor tight? 

11. Type of stirrer. Send sketch if possible, or refer to illustration in 
booklet that nearest fits your needs. 

12. Send sketch showing location with sizes clearly marked of all tappings. 
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characteristics for paddle stirrers. Valentine and MacLean 
give theoretical horsepower requirements for propellers. The 
latter state that the power consumption of colloid mills and 
homogenizers, for production of 100 gal. per hour, will vary 
between 20 and 50 hp. These authors also give figures on power 
consumption for occasional specific problems. 

Choice of Mixers. — As has been indicated, mixer choice fre- 
quently is a matter of experience or experiment. Consequently, 
the tabular matter of Valentine and MacLean in which specific 
recommendations for certain mixing ranges are made, should be 
of great value. 

Materials of Construction. — Practically any material of con- 
struction may be used in a mixer. Wood and mild steel are the 
most common materials, but almost all of the special metals and 
alloys, as well as nonmetallic coatings, can be used (see Tables 
41 and 42). 

A sample specification sheet for the determination of suitable 
mixer types is given in Table 54. 

Process Mixing Equipment. — A great number of specific pieces 
of process equipment incorporate mixers of one sort or another, 
usually for the promotion of reaction. Among these pieces of 
equipment may be mentioned autoclaves, bleaching equipment, 
cookers, chlorinators, digesters, dissolvers, emulsifiers, extractors, 
kettles, nitrators, percolators, retorts, reducers and sulfonators. 

EVAPORATION 

Evaporation may be defined as the removal of solvent from a 
solution by vaporization, with the production of a concentrated 
solution containing a higher proportion of the solute and a lower 
proportion of the solvent. As distinguished from distillation, in 
which two or more components of the solution are capable of 
vaporization, evaporation refers to vaporization separations 
where one component is generally a solid and the other a liquid, 
generally water. 

In the majority of evaporation problems, the product is, as 
stated, a concentrated solution from whijji the solids may be 
recovered by crystallization or subsequent drying. Drying, 
therefore, is usually taken to cover those evaporation problems 
in which the solid component is recovered in a dry or substan- 
tially dry state. 
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Classification of Evaporators. — According to Badger (Perry^s 

Chemical Engineers’ Handbook,” Sec. 8) evaporators are best 
classified as follows: 

A. Apparatus using solar heat. 

J5. Apparatus heated by direct fire. 

C. Apparatus with heating medium in jackets, double walls, etc. 

D. Steam-heated evaporators with tubular heating surfaces. 

1. Tubes horizontal. 

a. Steam inside tubes. 

h. Steam outside tubes. 

2. Tubes vertical. 

a. Standard (calandria) type. 

h. Basket type. 

c. Long-tube type. 

d. Forced-circulation type. 

3. Tubes inclined. 

4. Specially shaped tubes. 

Evaporator Operation. — Most evaporation in chemical indus- 
try is carried out under vacuum (1) in order to avoid injury to 
delicate substances by the reduction of boiling temperature, 
and (2) for increased economy through the utilization of multiple- 
effect evaporation. Any evaporator body in which a condensing 
vapor may be used as the heating medium, and which may be 
put under vacuum, may be operated in multiple effect with other 
evaporators of a similar sort. By this method of operation, the 
first evaporator, generally using steam as the heating medium, 
boils off vapor which is condensed in the heating jacket or tubes 
of the second effect. Similarly, vapor boiled from the second 
effect is used as the heating medium in the third effect, and so 
on, for perhaps as many as six effects. In any event, the vapor 
from the last effect will be condensed in a condenser. The result 
of using each succeeding effect as a condenser for the preceding, 
is to put each later effect under higher vacuum and lower boiling 
temperature. Noncondensable gases evolved in each effect 
must be withdrawn, together with condensate, by a vacuum 
pump. The economy from the use of multiple effect arises 
from the fact that the same number of pounds of steam required 
to evaporate 1 lb. of water in the first effect will evaporate roughly 
1 lb. in the second effect, 1 lb. in the third, etc. Thus, if 1 lb. of 
steam will evaporate 0.8 to 0.9 lb. of water in the first effect, it 
will evaporate, say, 0.85 N lb. in an evaporator of N effects. 
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Where a great quantity of evaporation of a low-cost product must 
be accomplished, it is generally economical to use a large number 
of effects, for example, as many as five or six. The proper num- 
ber to use can only be determined by calculations showing which 
number will have the smallest combined total of operating and 
fixed charges.^ 

However, in certain industries, multiple-effect evaporation 
cannot be used as an economy measure because of the compara- 
tively high temperature maintained in the first effect. In the 
case of delicate materials such as concentrated milk products, 
fruit juices and pharmaceuticals, it is often necessary to use 
single-effect vacuum evaporators, and accept high operation cost 
in order to preserve the quality of the product. 

Direct-fired Evaporators. — Small water stills, caustic dehydra- 
tion pots and, of course, steam boilers are the principal repre- 
sentatives of this group. 

Jacketed Apparatus. — Much small-scale evaporation is accom- 
plished in jacketed kettles and similar apparatus. Such evapora- 
tion is generally atmospheric, although, if the kettle construction 
is suitable, it may be carried out under vacuum. 

Horizontal-tube Evaporators. — Horizontal-tube evaporators 
are of two general types, those with the steam inside the tubes 
and those with the steam outside. The first type ordinarily 
consists of a vertical body of cylindrical shape with two steam 
chests on opposite sides, near the bottom, connected within the 
evaporator body by a considerable number of horizontal tubes. 
This type is best suited for nonscaling, noncrystallizing and 
nonviscous solutions. Evaporators of the second type, of which 
the only survivor is the Yaryan, consist of a horizontal casing 
containing a number of series of tubes, through which the solu- 
tion moves at high velocity, discharging into a chamber contain- 
ing baffles to separate the vapor from the concentrated solution. 
It is best suited for foamy liquids. The bodies of horizontal- 
tube evaporators vary between 5 and 10 ft. with tube lengths from 
3 to 16 ft. 

Vertical-tube Evaporators. — Standard and basket-type evapo- 
rators are essentially similar in that they employ a vertical 
cylindrical evaporator body of diameter less than the height, con- 
taining a number of vertical tubes with the steam outside. These 

1 Badoer, W. L., Trans. Am. Imt. Chem. Engrs., 18, ii, 139 (19^0). 
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are constructed in sizes with diameters from 6 to 24 ft. In the 
standard type, the steam space is formed by tube sheets which 
extend horizontally across the shell, space allowed for a central 
downtake. In the basket type, the heating element is a sepa- 
rate unit and the downtake is an annular ring between the shell 
and the heating element. The so-called long-tvhe^ evaporator, 
of which the Kestner is representative, employs no evaporator 
shell proper. Rather, a group of long tubes contained within a 
cylinder closed at the ends by tube sheets, with steam around 
the tubes, discharges into a vapor drum placed above the tubes. 
Motion up the tubes is accomplished by the expansion of steam 
liberated from the solution. In the Kestner type, liquid passes 
through the tubes but once. In the Webre type, recirculation 
is possible. In the forced-circulation type, a shorter tube length 
and a larger vapor space above the tubes are employed, together 
with a centrifugal pump which recirculates and forces the liquid 
up through the tubes with a positive velocity. 

Of these vertical-tube evaporators, the standard type is 
especially adapted for solutions that deposit scale or crystals. 
The application of the basket type is similar. The long-tube 
type is not suitable for scaling and salting liquids, while the 
forced-circulation type, by the addition of a salt separator, may 
treat salting liquors as well as clear liquors. This last type is 
especially adapted to the evaporation of viscous materials and 
liquors requiring expensive materials for the heating surface. 
Because of the high velocity, the coefficient to heat transfer 
is especially liigh in this type. Heating surfaces from 35 to 
8,000 sq. ft. are available. 

Inclined-tube Evaporators. — Evaporators in this group are 
similar in construction to the long-tube type except that, by 
reason of the slope of the tubes, these need not be so high. This 
type employs recirculation and, because of the high velocity 
attained, gives a high coefficient of heat transfer. Such evapo- 
rators are generally not suitable for salting and scaling liquids, 
although in some modifications ready removal of scale from the 
tubes is accomplished. 

Special -tube Evaporators. Coiled tubes are employed in 
strike pans for crystallizing second and third sugars in sugar 
mills with capacities of 25 to 120 tons, varying from 8 to 18 ft. in 

1 Badger, W. L., Chem, Met. Eng,, 46 , 640 (1939). 



276 


CHEMICAL ENGINEERING PLANT DESIGN 


Table 55. — Data Requiked for Selection of Evaporator 

1. Analysis of liquor; if not available send sample. 

2. Quantity to be handled in the evaporator per day, per hour. 

3. What will be the average initial density (specific gravity, Baum6, or 
Twaddell), and percentage of solids? 

4. What is the initial temperature? 

6. What final density or condition is desired? 

6. Are there any marked effects or changes of properties produced by 
temperature changes? 

7. What are the boiling points at atmospheric pressure of the dilute solution 
and of the same solution at the final state of concentration which you 
wish to reach? 

8. State any peculiar properties such as tendency to foam, entrain, evolve 
gases, become viscous, deposit crystals, sludge, etc. 

9. Are there any scale-forming ingredients, such as sulfate of lime, phos- 
phate of lime, silica, etc.? 

10. What steam is available for evaporation purposes, live or exhaust? 
Will it be necessary to install a boiler? 

11. In what quantity is water available to operate a condenser? What is the 
source of the water and at what temperature can it be obtained? State 
quality of water. 

12. Is your solution neutral, acid or alkaline in its reaction? Have you 
found that any particular metal or metals must be avoided in the con- 
struction of an evaporator, and what metals can be used? 

diameter, and also in distilled-water evaporators. In the latter 
application, the design is such that temperature changes cause 
movement of the coils and thus serve to crack off scale. 

Table 55 gives a summary of data required by manufacturers 
in the specification of suitable evaporators. 

HEAT EXCHANGERS AND CONDENSERS 

Although a condenser is, in fact, a heat exchanger, the term 
heat exchanger is generally reserved for concentric- tube apparatus 
or one consisting of tubes running between tube sheets and 
mounted within a shell. Heat exchangers transfer heat from a 
warmer material which it is desired to cool, to a cooler material 
which it is desired to warm. A condenser ^ on the other hand, 
makes use of a cooler material to remove the latent heat of 
vaporization from a vapor which it is desired to condense, either 
by direct contact or by indirect contact through tubes or plates. 
Heat exchangers are used for the cooling or heating of all sorts of 
process materials, while condensers are used largely for the con- 
densation of vapors from evaporators and consequent production 



SELECTION OF PROCESS EQUIPMENT 277 

of vacuum, and for the recovery of materials volatilized from 
stills. 

Heat Exchangers. — Heat exchangers are built in a great 
number of designs, but three types are most common, including: 
(1) coils submerged in liquid; (2) tubular heat exchangers con- 
sisting of tubes supported within a shell by means of tube plates, 
one of which generally floats, to provide for expansion; and (3) 
double-pipe heat exchangers consisting of two concentric pipes, 
one for the warm fluid and one for the cool fluid. Data on heat 
transfer in heat exchangers are given by McAdams in Perry's 
“Chemical Engineers’ Handbook,” Sec. 7. 

Condensers. — Many condensers are constructed along the 
lines of one of the heat exchangers mentioned above, principally 
types 1 and 2, in which case they are known as surface condensers 
and are used where it is necessary to avoid mixing the condensed 
vajior with the cooling liquid.^ Condensers for use on evapora- 
tors are generally of the jet type, in which the cooling water 
mixes with and condenses the vapor. Jet condensers are of two 
types, one in which the flow of vapor and cooling water is parallel, 
and the other in which the flows are countercurrent. Jet con- 
densers are generally provided with a barometric leg consisting 
of a tail pijje extending downward from the condenser body about 
35 ft., and terminating beneath the surface of water in the 
“hot well,” which serves as a barometric seal. By this means, 
water may be removed from the condenser at any vacuum pos- 
sible with the existing cooling water temperature and without 
the use of a vacuum pump. However, it will generally be neces- 
sary to provide a small dry vacuum pump or steam jet for the 
removal of noncondensable vapors. 

Still a fourth form of condenser is the eductor type, consisting 
of a venturi type jet compressor, in combination with a surface 
condenser. This tyj)e requires large volumes of cooling water 
but has the advantage of operating at a higher cooling-water 
temperature by reason of the compressor action of the jet, and 
operating without a vacuum pump. 

Cooling Towers. — Since the operation of condensers depends 
upon adequate cooling water of sufiflciently low temperature, 
economy sometimes requires the use of recirculation and of 
atmospheric evaporative cooling. For this purpose, either 

^Colburn, A. P., and O. A. Hougen, Ind. Eng. Clicm., 26, 1178 (1934). 
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spray ponds or cooling towers are employed. Spray ponds are 
rarely used except in large installations, whereas cooling towers 
have the advantage of ease of operation and relatively small 
size. In either case, advantage is taken of the evaporation of a 

Table 56. — Data Required for Estimating Condensers and Heat 

Exchangers 

Condensers 

1. Quantity of vapor to be condensed, pounds per hour. 

2. Pressure or degree of vacuum at which vapor enters condenser. 

3. Quantity of cooling water available, and probable range of initial tem- 
perature. 

4. Working pressure of cooling water, and allowable pressure loss in passing 
through tubes of condenser. 

6. Chemical characteristics of cooling water. 

6. Type of condenser desired: whether vertical or horizontal. 

Heat exchangers 

1. Quantity to be heated, pounds or gallons per hour. 

2. Initial temperature. 

3. Final temperature. 

4. Steam pressure, pounds per square inch (specify whether gage or abso- 
lute). 

6. Steam quality: superheat in degrees, or per cent of moisture. 

6. Working pressure of water to be heated. 

7. Allowable pressure loss through tubes of heater. 

8. Type of heater: horizontal or vertical. 

9. Space available, including allowance for tube removal. 

small part of the water, in contact with the air, to cool the 
remainder. Cooling towers are of two types, natural draft and 
forced draft. ^ In either type, the water is distributed over a 
large surface, usually of wood grids, so as to facilitate evaporation. 

Data Required. — Table 56 shows the type of information 
required by manufacturers for estimating heat exchangers and 
condensers. Table 57 gives a sample data sheet on cooling-tower 
requirements. 

CRYSTALLIZATION 

Crystallization involves, generally, the evaporation and sub- 
sequent cooling of a solution to the point of supersaturation, 
whereupon the formation of crystals takes place. Much of the 
work that has been done in the evolution of crystallization 


^ Simmons, E., Chem. Met Eng., 46 , 146 (1939). 
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apparatus has been pointed toward the control of crystal size, 
since trade demands frequently are rigorous in this regard. 

McCabe (Perry's ''Chemical Engineers' Handbook," pp. 1779- 
1798) has classified commercial crystallization apparatus and 
discussed engineering and cost data. 

Table 57. — Cooling Plant Data Sheet 

The Cooling Tower Co., Inc. 

15 John Street, New York City 

Firm name Location of plant (City and State) 

Is place selected for apparatus well exposed to prevailing summer winds? 
YesD NoD 

Shall we quote on cooling tower □ or spray pond?Q 
Available space for cooling tower or spray pond. 

Widt h ft. Length f t. 

Is space on ground □ or on building roof?p Please furnish building plan 
or make sketch on the reverse side of this sheet. 

Is exterior woodwork prohibited by local authorities? YesQ NoQ 
Available supply of make up water. Well water □ City water □ Other 
source □ 

Amount available gals, per minute. Its average summer 

temperature^ ^ 

Purpose for which cooling water is to be used. Please fill in below. 
Refrigeration 

Rated capacity of machines in tons of refrigeration (not in tons of ice). 

Compression □ Absorption □ Raw water □ Distilled □ 

Number of stands of ammonia condensers Single tube 

Double tube 

Number of pipes high Diameter of pipe in. 

If distilled water plant give details of steam condenser. 

Steam condensing 

Type of engines or turbines 

_H. P K. W. Weight of steam per hour to be 

condensed lbs. 

Vacuum in inches of mercury required at 30" barometer in. 

Surface typeD Jetp Barometric □ Maker 

Is condenser fitted with dry vacuum pump? YesQ NoQ 
Water jackets of internal-combustion engines and air compressors 

Make r / Size I Rated Hp 

Electric transformers 

Circulation of water required in gallons per minute gal. 

Highest temperature of water allowable on transformer 

Off transformer 

OR refineries, casing-head plants, aeration, gas scrubbing, etc. 

Describe fully how water is to be used and give quantity of water and 
hot and cold water temperatures. 


Crystallizing Evaporators. — Crystallization frequently takes 
place in evaporators, either as the main feature or as a subsidiary 
feature of the evaporation. In some cases, as in the evaporation 
of salt and in the recovery of salt and glycerin in soap manu- 
facture, salt separators are provided to remove crystallized 
material as rapidly as it settles. 
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Batch Crystallizers. — Atmospheric cooling and crystallizatior 
in open tanks are practiced with certain materials today, althougt 
less commonly than was formerly the case. In such a case, the 
usual practice is to concentrate the solution to a point approach- 
ing saturation; then to cool the solution by natural convectior 
in open, rectangular tanks, whereupon crystallization takes place 
usually without any attempt to control crystal size. One of the 
most common crystallizers of this type consists of a cylindrical 
metal tank with conical bottom containing cooling coils and a 
propeller type agitator, usually installed within a draft tube. 
The agitation improves the heat transfer and keeps the fine 
crystals in suspension, giving them an opportunity to grow 
uniformly. Because there are many new nuclei formed in thi? 
type, the crystal size is much finer than that produced by unagi- 
tated methods. 

Continuous Crystallizers. — The most common type of con- 
tinuous crystallizer used in the United States is the Swenson- 
Walker which consists of a horizontal, open-top, jacketed trough 
containing a ribbon agitator. Several troughs are generally 
joined together to give lengths as great as 40 ft. Hot concen- 
trated solution is fed to one end and flows through the trough, 
usually countercurrent to the cooling water. Crystals and 
mother liquor are removed together from the discharge end and 
separated on a draining table. 

A crystallizer that has been used to a considerable extent in 
Europe is the Wulff-Bock which consists of a shallow, inclined 
trough set on rollers so that it can be rocked from side to side. 
This crystallizer has small capacity but can make larger crystals 
than the Swenson- Walker. 

The J eremiassen, or Oslo, crystallizer has recently been intro- 
duced into the United States. It is made in various forms for 
multiple-stage evaporation, evaporation with recompression 
of the vapor, vacuum cooling or cooling to low temperatures 
with cooling liquids. However, all these forms control crystal 
growth by causing the supersaturated solution, cooled to crys- 
tallization temperature, to pass upward through a perforated 
plate above which crystal nuclei are kept in suspension. Positive 
circulation is maintained by a centrifugal pump. Crystals are 
removed continuously by a salt elevator or some other suitable 
means. 
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The Howard crystallizer is a jacketed conical vessel somewhat 
similar to a double-cone classifier. Solution enters at the bottom 
and flows upward, meanwhile being cooled. Crystals are held 
in suspension until their sizes increase sufficiently so that they 
settle and are withdrawn from the apparatus. 

Vacuum Crystallizers. — Vacuum crystallization, a compara- 
tively recent development in the United States, will probably be 
used more extensively in the future. Such crystallizers operate in 
a manner similar to the steam-jet refrigerator for cooling water. 
A warm, saturated solution is conducted into a cylindrical body 
evacuated by means of a jet compressor and a condenser. On- 
account of evaporation, the solution is cooled to the boiling 
temperature corresponding to the vacuum and, in so doing, 
permits the growth of crystals. The crystals and mother liquor 
settle through a barometric tail pipe and are then separated by 
draining. Vacuum crystallizers offer many advantages including 
that of having no moving parts. Since they have no heat- 
transfer surfaces, materials of construction may readily be 
employed which are poor heat conductors, such as rubber linings. 
Equipment of this type may be built in any desired capacity. 

DRYING 

According to Sherwood (Perry \s ‘‘Chemical Engineers^ Hand- 
book,^^ p. 1480) drying refers to the removal of a liquid, usually 
water, from a solid. There is no hard-and-fast distinction 
between drying and evaporation, except that the former usually 
concerns solids which are not in solution, whereas the latter deals 
with the concentration of solutions. ^ A further distinction, neces- 
sarily, is in the type of equipment employed.^*® Drying may 
be accomplished by various means, but the only one to be con- 
sidered here is the means employing evaporation of the water. 
The mechanical forms of drying, including centrifuging, presvsing, 
filtering and draining, are sometimes used in advance of thermal 
drying in order to reduce the moisture content and decrease 
drying costs. 

In all types of dryers, some means must be provided for supply- 
ing the heat required to evaporate the moisture present, and for 

‘Lissauer, a. W., Chem. Met. Eng., 46 , 517 (1939). 

* Houqen, O. A., Chem. Met, Eng.y 47 , 160 (1940). 

* Urb, S. G., Chemistry <fc Industry y 43 , 350 (1924). 
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removing the vapor. A rough classification may be based on the 
method of removing the moisture after evaporation, thus divid- 
ing dryers into two types: (1) dryers in which the moisture is 
swept away from the material by air or other gas;^ and (2) dryers 
in which the moisture is removed by condensation in a separate 
condenser, with the material placed within a vacuum chamber. 
In the first type, heat is generally conveyed to the material by 
the same air which removes the moisture. On the other hand, 
occasionally the air may be supplied at atmospheric temperature 
and the drying accomplished simply by increasing its degree of 
• saturation. In the second type, heat is generally supplied to 
the material indirectly by contact with heated (generally steam- 
heated) surfaces. 

A more cxtcmsive classification of dryers^ is based upon the type 
of material to be dried. This is logical, in view of the fact that 
dryer form is largely determined by material form: 

A. Materials in sheets or masses carried through on conveyors or trays. 

1. Batch dryers. 

a. Atmospheric cabinet dryers. 

h. Vacuum chamber and shelf dryers. 

2. Continuous dryers. 

a. Continuous conveyor and tray dryers. 

h. Roll dryers. 

B. Granular or loose materials. 

1. Rotary dryers. 

a. Atmospheric, direct heat, countercurrent. 

b. Atmospheric, direct heat, parallel current. 

c. Atmospheric, direct heat, two-pass. 

d. Atmospheric, indirect-direct heating. 

e. Vacuum rotary. 

C. Paste and sludges or caking crystals. 

1. Agitator dryers. 

a. Atmospheric. 

b. Vacuum. 

D. Materials in solution. 

1. Drum dryers. 

a. Atmospheric. 

b. Vacuum. 

2. Spray dryers. 

a. Air. 

b. Superheated steam. 

^ Drying of Air, Chem. Met. Eng., 47 , 228 (1940). 

* Cronshaw, H. B., Modem Drying Machinery, Ernest Benn, Ltd., 
Ix)ndon, 1926. 



SELECTION OF PROCESS EQUIPMENT 283 

For the drying of materials in sheets or masses, dryers capable 
of supporting the material in the desired atmosphere for an 
adequate period of time are necessary. In batch dryers, material 
is held in place and subjected to tlie desired conditions or cycle 
of conditions. In continuous dryers, the material is conveyed 
through the dryer, generally through a number of zones where 
different conditions are maintained.^ 

Atmospheric Cabinet Dryers. — Tins type is made in many 
different modifications, but practically all fall within two general 
classifications: (1) those dryers in which the material is supported 
on trays placed by hand on shelves within the drying cabinet, 
and (2) those in which the trays are wheeled into the cabinet on 
trucks. Both types are used expensively for handling many 
products such as pigments, dyes and other granular and pasty 
materials. In the truck type of tray dryer, operations may either 
be on the batch system or may be semicontinuous, in that one 
or more trucks may be run into the dryer at intervals, while an 
equal number of trucks are removed at the same time from the 
other end. By this method of operation, the material progresses 
through the dryer in a semicontinuous manner. 

Vacuum Dryers. — Vacuum drying is required for many prod- 
ucts which would be injured by the higher temperature of atmos- 
pheric drying. Furthermore, in some cases, vacuum drying is 
more economical because its heat can be supplied at low tem- 
perature by means of exhaust steam. Frequently, drying under 
vacuum is much more rapid than atmospheric drying. Vacuum 
dryers for solids are similar to the atmospheric cabinet dr 3 "ers 
mentioned above, except that the cabinet is of much heavier 
construction, adapted to be held under vacuum, and provided 
with a condenser and vacuum pump. 

Automatic Continuous Conveyor Dryers. — A great man}^ dryers 
of this type have been developed. Any sort of conveyor suited 
to the product may be used. Such conve^'ors include nontilting 
and tilting pans, belts of various sorts, traveling buckets, rolls 
for handling web and sheet materials, festoon carriers, and chain 
conveyors for hauling tray trucks. One form, known as the 
stock dryer, is used for fibrous material and generally employs 
a wire-cloth conveyor belt. 

^ Alliot, E. a., Trans. Inst. Chem. Engrs. {London), 2, 93 (1924); Ker- 
shaw, F., Ind, Eng. Chem., 30, 1116 (1938). 
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Rotary Dryers. — Rotary dryers are of several sorts, with the 
principal variations concerning the method of supplying heat. 
In the simplest form, the dryer consists of a slightly sloping 
cylinder, open at both ends and supported on tires rolling on 
wheels. The material is fed at one end, and fuel (gas, oil or 
powdered coal) is burned at the other end. A typical capacity 
report on rotary dryers is given in Table 58. When products 
of combustion must be kept separate from the material, com- 
bustion may take place in a central tube or in a furnace sur- 
rounding the dryer, or air heated by steam coils in a separate 
chamber is blown into the dryer. Numerous variations arc 
possible, but the fundamental differences depend only on whether 
the heating medium supplies its heat to the material undergoing 
drying by direct or indirect contact.^ 

Agitator Dryers.— Such dryers generally consist of a vertical 
cylindrical shell 5 to 6 ft. in diameter, provided with a steam 
jacket and a heavy slow-speed agitator for sc^raping the bottom. 
They are useful for the handling of pavstes and sludges as well as 
caking crystals and various noncaking materials such as wood 
flour and other dynamite ^^dope’^ ingredients. Material is fed 
through an opening in the top and raked from a door in the side. 
These dryers may be operated either under atmospheric pressure 
or under vacuum, in the former case showing a steam consump- 
tion of about lb. per pound of moisture evaporated. 

Drum Dryers. — When materials are to be carried from solution 
to the dry state in one operation, the drum dryer is generally 
employed. This consists of either one or two drums on the 
surface of which the material to be dried is sprayed in a thin film. 
The heating medium is conducted to the inside of the drum. 
As soon as the material has been dried, it is scraped from the 
surface of the drum. The principal variations of constmetion 
in atmospheric drum dryers relate to the number of drums and 
to the method of applying the solution. 

When drying must be carried from solution to solid under 
low-temperature conditions, vacuum drum dryers are sometimes 
employed. Such equipment is similar to the single-drum dryer 
mentioned above, except that the drum must be enclosed in a 
chamber capable of evacuation. Furthermore, means must be 
provided for discharging the solids without breaking the vacuum. 

* Habrioan, H. W., and J. A. Boyd, Chem, Met. Eng., 46, 214 (1939). 
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Table 59. — Sample of Inquiry Sheet 

The C. O. Bartlett & Snow Co., 

6200 Harvard Avenue 
Cleveland, Ohio 

Gentlemen : 

Kindly furnish us with specifications and approximate cost of a dryer of 
the correct type for the following use : 

1. Material to be dried 


2. Tons of wet material to be dried in one hour. 


3. Size of lumps, grains or particles. 


4. Per cent of moisture in material in natural condition 


5. Per cent of moisture desired in final condition 

Rough sketch of floor plan showing 

location of other machines fi* Special conditions. 


Name 

Company. 
City 


-State.-. 
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Spray Dryers. — Spray dryers generally consist of a chamber 
through which heated air passes upward, countercurrent to the 
fall of finely divided droplets of the material to be dried. The 
spray of material is produced either by conducting the solution 
under pressure to spray heads, or by turbine type dispersers. 
The bottom of the drying chamber ordinarily contains some form 
of conveyor for removing the dried material. Such dryers are 
employed in the manufacture of soap powder, milk powder and 
similar materials.^ 

Table 59 is typical of the inquiry sheets supplied by dryer 
manufacturers. 
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CHAPTER XI 


CHEMICAL ENGINEERING PLANT LAYOUT AND 
ELEVATION 

Rational plant design is essential in chemical engineering 
industries for many reasons, among them, the need for minimizing 
of such equipment hazards as corrosion, fire and explosion, and 
personal hazards from fume and poison. Furthermore, only 
through rational design is it possible to provide for those strict 
production economies necessary to commodities that serve 
as raw materials for other industries, and seldom reach the 
market without processing. The form of a building should be a 
function of its purpose, and the discharge of this purpose in the 
best possible manner requires that the beginning should be made 
in plant layout. 

Plant design involves the arrangement of (1) product, process 
and by-product storage facilities, (2) materials-handling equip- 
ment, and (3) process equipment, in efficient coordination with 
regard to other factors such as future expansion of production, 
economical distribution of process steam and power, possible 
hazards and personnel welfare. Field ^ has presented a plan 
for aiding in the development of a fundamental design, based 
upon schematic diagrams to illustrate the underlying relation- 
ships between storage space, flow of materials and future expan- 
sion. First, the elementary development of plant layout is 
carried out to show only the fundamental relationships between 
storage and operating machines. Then follows rearrangement 
based upon segregation of operations and storage. After this, 
consideration is given to changes based upon the above, with 
added weight given to expansion, allocating storage and pro- 
duction facilities to provide for both limited and unlimited 
expansion. Revisions based upon the irregularity or inequality 
of growth in all departments must then be worked into the plan. 

1 Field, Crosby, Chem, Mel, Eng.y 32, 794 (1925). 
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Facilities required /or a process consist essentially of places 
and equipment for the storage of the various materials used and 
produced, for carrying on the several operations, and for moving 
the materials to and from the processing and storage places. 
Their design is predicated on the assumption that the usual 
services found in an existing establishment will be available, 
including steam and electric power, water, fuel, sewers and waste 
disposal means, locker and washrooms, maintenance shops, fire 
and police protection, communications, and so on. A layout 
involving an entirely new site would require essentially all these 
facilities, the design of which is a job of considerable magnitude in 
itself. However, if the process under consideration is an addition 
to an existing plant, it will be necessary only to make a study of 
present service facilities to ascertain just what increases are 
needed to take care of the new process. 

Essential Factors in Planning Layout. — The three factors 
necessary for the general plan of any plant are: (1) the starting 
point, or location, or reference point; (2) a kinematic diagram or 
directional factor; and (3) a statement of the space requirements 
for various product and by-product storage facilities and for 
processing departments. From known, calculated or (\stimatcd 
space requirements for individual equipment, it is possible to 
obtsiin proper allocations of equipment and the over-all dimen- 
sions of the building. The last two factors usually are sum- 
marized together before the design of a project is completed. 

Principles of Plant Layout. — H. T. Moore ^ has suggested the 
following points as preliminary to final action in matters of layout 
and arrangement and equipment selection: 

1. Desired capacity of plant, and estimated future capacity. 

2. Divisions of manufacturing sche<iule, to determine number and 
variety of finished units to be produce<l. 

3. A list of materials or parts comprising product, to determine 
which ones will be manufactured and which ones purchased and stored. 

4. Production equipment or plant facilities needed for desired 
capacity of initial plant, including any special provisions or structural 
features which will facilitate production. 

5. A study of manufacturing and assembling operations necessary 
to produce a finished or subassembled unit, to check proper spacing of 
equipment. 

> Moore, H. T., Mech, Eng., 47, 1059 (1926). 
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0. Time interval required between successive operations, if any, 
to check need for and location of storage space. 

7. Sequence of operations in manufacturing and assembly depart- 
ments in order that departments and equipment should be in logical 
and convenient relationship for progressive flow of materials. 

8. Space requirements per department to house production equip- 
ment and provide space needed for aisles, storage or auxiliary depart- 
ments. 

9. A review of various operations entering process to determine 
whether certain departments should be isolated from standpoint of 
safety, noise or special i)rocess needs. 

10. A summary of floor-space needs of initial plant, determining 
which areas can be proportionally increased for different departments, 
based on an assumed future capacity after a certain j^eriod of years, 
thus providing an approximate basis for estimating space requirements 
and thus developing a suitable layout for ultimate plant expansion. 

A vset of guiding principles for layout should be drafted to 
enable the establishment of an ideal, no matter what the actual 
conditions. The determination of just what these guiding 
principles are for any specific problem is a matter of fundamental 
importance. For a specific problem assume that the guiding 
principles agreed upon by Woodward^ are as follows: 

1. Simplification of eciuipmcnt sizes and materials of construc- 
tion, and the use of standard designs instead of special designs. 
These are cheaper in first cost and cost less to maintain. 

2. Grouping of like operations so that one group of operators 
can t(md to all equipment of the same kind. 

3. Interchangeability of use of like equipment so as to provide 
a maximum of flexibility. 

4. Type of equipment and its arrangement to be such as to 
permit any part or practically all of it to be repiped in suitable 
fashion for use on other processes of a similar nature, without 
need for the relocation of any of the major pieces. 

5. Use of automatic and semiautomatic controls to be as exten- 
sive as an economic study shows possible (and a little farther, as 
well). This also applies to the use of materials-handling 
equipment. 

6. Since the proposed operations are nonhazardous and non- 
toxic, no special ventilation will be required, other than that 
necessary for good working conditions. 

1 Woodward, R., Chem. Met Eng., 48 , 5 — 92 (1941). 
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Specifically for chemical plants, it is necessary to bear in mind 
the special process hazards to equipment, buildings and personnel. 

Plan and Elevation of Plant. ^ — Rational design must include 
arrangement of processing areas, storage areas and handling 
areas, in efficient coordination and with regard to such factors 
as: 

1. Expansion. 

2. Economic distribution of water, process steam, power. 

3. Economic use of floor space. 

4. Building requirements. 

5. Possible hazards of fire, explosion, fumes. 

6. Health and welfare of workers. 

7. Geographical limitations. 

8. Materials handling. 

Methods of Studying Plans. — The acquisition of quantitative 
data and specifications on individual equipment having been 
accomplished, the next step in design is to decide upon the proper 
arrangement of the equipment and storage and to provide for 
expansion. There are many ways of accomplishing this. One 
method is to draw to scale the floor plan in as many arrangements 
as the engineer feels can be made, bearing in mind the considera- 
tions for correct design and noting on each sheet the advantages 
ancT disadvantages of each design. Another method is to make 
cardboard cutouts to scale of the floor jdan of each piece of 
equipment and arrange these upon a cross-sectioned sheet or 
table, studying each arrangement and recording notes on each 
plan worked out. To sit down with conferees to work out 
rational arrangements develops the imagination and wits and 
permits immediate discussion of the many moves and minor 
rearrangements. 

Storage. — Storage facilities for raw materials and intermediate 
and finished products may be located in isolated areas or in 
adjoining areas. Hazardous materials become a decided menace 
to life and property when stored in large quantities and should 
consequently be isolated. Storage in adjoining areas to reduce 
materials handling may introduce an obstacle toward future 
expansion of the plant. Field^ has introduced a novel method of 

1 Woodward, R., Chem. Met. Eng., 39, 552 (1932). 

* Field, Crosby, Chem. Met. Eng., 82, 794 (1925). 
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study of plant arrangement to determine this point of storage 
area location or orientation. Arranging storage of materials 
so as to facilitate or simplify handling is also a point to be con- 
sidered in design. Where it is possible to pump a single material 
to an elevation so that subsequent handling can be accomplished 
by gravity into intermediate reaction and storage units, costs 
can be greatly reduced. Liquids can be stored in small con- 
tainers, barrels, horizontal or vertical tanks and vats, either 
indoors or out of doors. 

Equipment. — In making a layout, ample space should be 
assigned to each piece of equipment; accessibility is an important 
factor. Unless a i)roccss is well seasoned, it is not always 
possible to predict just how its various units may have to be 
changed in order to be in harmony with each other. This is 
especially true if the process is b(Hng developed from pilot-plant- 
scale operation, as usually carried out, with equipment not 
specially designed for the process. It is well known that in 
chemical manufacturing, processes may be adopted which appear 
to be sound after a reasonable amount of investigation in the 
pilot-plant stage, yet frecpiently require minor or even major 
changes before all parts are properly operating together. 

It is extremely poor economy to fit the equipment layout too 
closely into a building. A slightly larger building than appears 
necessary will cost little more than one that will just fit. The 
extra cost will indeed be small in comparison with the penalties 
that will be extra(‘ted if, in order to iron out the kinks, the build- 
ing must be expanded. 

The operations that constitute a process are essentially a 
series of unit operations that may be carried on simultaneously. 
These include filtration, evaporation, crystallization, separation, 
drying, and others. Since these operations are repeated several 
times in the flow of materials, it should be possible to arrange 
the necessary equipment into groups of the same kinds. ?'his 
sort of layout will make possible a division of operating labor 
so that one or two operators can be detailed to tend all equipment 
of a like nature. 

The relative levels of the several pieces of equipment and their 
accessories determine their placement. Although gravity flow 
is usually preferable, it is not altogether necessary because liquids 
can be transported by blowing or by pumping, and solids can be 
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moved by mechanical means. Gravity flow may be said to cost 
nothing to operate, whereas the various mechanical means of 
transportation involve the first cost of the necessary equipment 
and the cost of operation and maintenance. However, gravity 
flow usually means a multistory layout, whereas the factors 
favoring a single-story plant may largely, if not entirely, com- 
pensate for the cost of mechanical transportation. 

Plant Expansion. — Expansion must always be kept in mind. 
The question of multiplying the number of units or increasing 
the size of the prevailing unit or units merits more study than 
it can be given here. Suffice it to say that one must exercise 
engineering judgment; that as a penalty for bad judgment, 
scrapping of present serviceable equipment constitutes but one 
phase, for shutdown due to remodeling may involve a greater 
loss of money than that due to rejected equipment. Never- 
theless, the cost of change must sometimes be borne, for the 
economies of larger units may, in the end, make replacement 
imperative. 

Floor Space. — Floor space may or may not be a major factor 
in the design of a particular plant. The advantages and dis- 
advantages of single-story and multiple-story factory buildings 
are discussed in Chap. VI. The value of land may be a con- 
siderable item. The engineer should, however, follow the rule 
of practicing economy of floor space, consistent with good house- 
keeping in the plant and with proper consideration given to 
line flow of materials, access to equipment, space to permit 
working on parts of equipment that need frequent servicing, 
and safety and comfort of the operators. 

Utilities Servicing. — The distribution of gas, air, water, steam, 
power and electricity is not always a major item, inasmuch as 
the flexibility of distribution of these services permits designing 
to meet almost any condition. But a little regard for the proper 
placement of each of these services, practicing good design, 
aids in ease of operation, orderliness and reduction in costs of 
maintenance. No pipes should be laid on the floor or between 
the floor and the 6-ft. level, where the operator must pass or work. 
Chaotic arrangement of piping invites chaotic operation of the 
plant. The flexibility of standard pipe fittings and power- 
transmission mechanism renders this problem one of minor 
difficulty. 
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Building. — After a complete study of quantitative factors, 
the selection of the building or buildings must be considered. 
Standard factory buildings are to be desired, but, if none can be 
found sat^gfactory to handle the space and process requirements 
of the chemical engineer, then a competent architect should be 
consulted to design a building around the process — not a beautiful 
structure into which a process must fit. It is fundamental in 
chemical engineering industries that the buildings should be 
built around the process, instead of the process being made to 
fit buildings of conventional design. 

What consideration must be given to buildings depends upon 
conditions. If the designer must adapt his design to fit an old 
building, or building space already erected, his problem is cut 
out for him and he has his limiting conditions. However, the 
selection of the design of the building to meet the requirements 
of the process is iTiore scientific. In this case, one finds before 
him practically all types of standard building, built in units, 
interlocking or otherwise, ready for shipment and erection (see 
Chap. VI). 

Miscellaneous Items. — Throughout chemical industry, much 
thought must be given to the disposal of waste liquors, fumes, 
dusts and gases. \'eutilation, fume elimination and drainage 
may require the installation of extra equipment. This may 
involve the design of the individual pieces of operating equip)- 
ment, or it may require the installation of isolated equipment. 
If the latter be the case, the location of such equipment where it 
will not interfere with the flow of materials in process should be 
practiced. The selection of the proper piece of equipment for 
doing this sevice is also an important point; the less attention 
the ventilating, fume or waste-elimination systems require, the 
better service they may render. Sometimes air conditioning 
of the plant is called for and may require an elaborate setup. 
But the installation of such equipment, when needed, pays in 
better service from operators, less discomfort, greater production 
and a better morale than when such conditions are left to nature. 

It must be recognized that there is not only one solution to the 
problem of layout of the equipment. There are many rational 
designs. Which plan to adopt must be decided upon after 
exercise of engineering judgment and after striking a balance of 
the advantages and disadvantages of each possible choice. 
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Fig. 48. — ^Typical assembly plan 
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Fig. 50. — Typical plan of pumps and piping, with details. 
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Fiq. 52a.— Basement plan of a brewery. {Victor Buhr, Food Ind., 5 , 1933.) 
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Fig. 52 &. — Ground floor plan of a brewery. {Victor Buhr, Food Ind., 5 , 123 #., 1933 .) 




Fig. 52c. — Second-floor plan of a brewery. {Victor Buhr, Food Ind., 5, 123^., 1933.) 
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Mateiials-handling Equipment. — Consideration of equipment 
for materials handling need be only a minor factor in most cases 
of arrangement, owing to the multiplicity of available materials- 
handling devices. But where this operation is paramount in a 
process, then serious thought must be given to it. Again it 
should be repeated that engineering judgment must be exercised, 
for the exigencies of the case will constitute the major factor in 
the decision. Whenever possible one should take advantage of 
the topograph}^ of the land, if such will serve to advantage in the 
process. 

Sketching Plans, Elevations and Equipment. — After consulta- 
tion with other engineers or the examination of plans on similar 
projects offered by equipment manufacturers who provide such 
service, the next step is the recording of the selected layout. 
Some examples of plans and elevations of assemblies and equip- 
ment installations are presented in Figs. 48 to 52a to /. 
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PRECONSTRUCTION COST ACCOUNTING 

There are many phases to cost accounting in an industrial 
plant, but the designer of a new plant is interested primarily 
in preconstruction cost accounting, later in operation cost 
accounting. The fundamental principles that apply to operation 
cost accounting, however, also apply to preconstruction, but 
the application of the data so obtained is different. In the 
instance of operation cost accounting on an existing plant, one 
wishes to know whether efficient operation is in force, and to 
seek out and correct errors of commission or omission. In 
preconstruction costs, which includes operation costs before 
possible operation, one hopes to seek out any such possible ('rn rs 
and correct them before they actually occur. The purpose and 
result of preconstruction cost accounting is, therefore, to permit 
the making of a brief report, showing what possibilities exist for 
profits and earnings under proper management, even before the 
investment is made. 

Costs. — The purpose behind the publication of the costs and 
other economic factors tabulated in this chapter is to aid in the 
solution of problems having to do with complete or partial chemi- 
cal plant operations. 

These data have been collected from a variety of sources, and 
no uniform method has been used in deriving them. The correla- 
tion of such a mass of data naturally shows adjustments, assump- 
tions and discrepancies when considered in relation to any one 
plant. In the hands of competent engineers who have the 
experience to give proper weight to the variables which may or 
may not be shown, such data justify consideration. The values 
used in this chapter cannot be guaranteed but should be used 
only as an index to give relative data. For close estimation, 
current prices should be obtained from manufacturers. 

Aside from the assurance that preconstruction cost accounting 
gives, that an investment in a process is justified, it has the 
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further value of stopping further expenditure in processes which 
would be uneconomic. In this connection Becket^ has stated ^ 

By assuming theoretical yields from the chemical or electrochemical 
reactions [in the proposed process], which are oftentimes interestingly 
clever, and by further taking the most optimistic view of all other 
factors that an experienced, reasonably intelligent engineer would dare 
to assume, it has been possible by cost estimating in this way to convince 
many who have experimented diligently that they have been seeking 
a worthless goal. The saddest instances revealed by this method are 
those in which mental energy and capital have been wasted to a much 
greater extent, in which the technology of a process has been carried 
to successful demonstration on a minor scale and for which great 
economy has been forecast in the operation of a plant of commercial 
size. In cases of the latter class cost estimates had been prepared by 
the proponents. 

The following schedule portrays the general lines upon which a cost 
estimate may be drawn. From this the novice can derive constructive 
suggestions, although some of the initiated may criticize it as obvious 
and, therefore, unnecessary. Nevertheless, it is presented with con- 
fidence in its value, since exf)erience has shown that the timely use of 
even this slight assistance toward approximate cost prediction would 
have saved a vast amount of work which is known to have been wasted 
in foredoomed undertakings. 

Typical Schedule for Cost I^stimation in Chemical Industries 

1. Producing costs. 

a. Basic raw materials delivered. 

5. Other process materials. 

c. Power: electrochemical and mechanical. 

d. Fuel. 

e. Process tools and supplies. 

/. Repair materials: equipment and structures. 

g. Packages. 

h. Manufacturing wages, 

i. Repair wages: equipment and structures. 

j. Works salaries. 

k. Works general expense. 

2. Management and marketing. 

a. Salaries. 

b. Rent. 

c. Accounting. 

d. Selling. 

e. Legal service. 

/. General expense. 

* Bbc^t, F. M., Chem, Met. Eng.^ S3, 283 (1926). 
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3. Capital costs. 

a. Amortization. 

b. Depreciation. 

c. Insurance. 

d. Taxes. 

The principal object of such a schedule is to ensure that no important 
item of cost shall be forgotten. Naturally, each class of process will 
call for modification of any typical schedule. A mechanical guide of 
tliis kind is of great assistance even to the experienced estimator. 

Before attempting to predetermine costs, it is a logical procedure to 
select an appropriate scale of operation and then to visualize the com- 
plete plant and organization required for the desired end. However 
clearly a process may have been conceived as a succession of chemical 
reactions and unit operations, cost estimating each material and 
operation develops a clearer picture of the producing and economic 
structures; and the mental courage requisite to develop a thorough 
cost estimate will find its reward in an enhanced understanding of the 
project. In every case the estimate deserves careful analysis. An 
estimate that reflects favorably on the process will show points of 
strength and of relative weakness, so that further work can be directed 
toward factors in which further economies should be sought or can 
most easily be secured. The autopsy on an unfortunate process will 
usually reveal the principal cause of failure and will at least dictate the 
need of a new line of attack. If the product is already being made by 
another method, an estimate of the corresponding cost may wisely be 
attempted, since, however ingenious a new process, its competitive 
utility will be slight if the cost is relatively high. Clearly a cost 
estimate is the logical nucleus around which to gather data for the com- 
plete engineering report which the critical executive desires. 

A slightly different sort of preconstruction cost estimating is 
that which seeks to estimate costs for the semicommercial plant, 
rather than the final one. Weiss and Downs ^ have given the 
following: 

Outline op Cost Estimate for Semicommercial Scale Manufacture 

1. Direct raw material cost. 

2. Direct labor cost. 

3. Ordinary overhead. 

o. Indirect material, such as supplies and packages. 

b. Indirect labor, such as supervision, control chemists, watchmen 
and maintenance men. 

' Weiss, J. H., and C. R. Downs, '^'‘he Technical Organization, p. 165, 
McGraw-Hill Book Company, Inc., New York, 1924. 



PRECONSTRUCTION COST ACCOUNTING 


309 


c. General service charges, such as heat, light, power, compressed 
air and water. 

d. General fixed charges on the capital invested, such as interest, 
taxes, insurance and a rental charge. 

4. Extraordinary overhead incidental to experimental manufacture. 
a. Repairs. 
h. Alterations. 

c. Technical supervision. 

d. Depreciation and obselescencc, as determined by subtracting the 
scrap value of the plant from the original cost erected. 

Adjustment of Budgets to Variable Production. — In like 
manner, budgets for other materials and for direct labor could 
be made for the process; but, when overhead is considered, 

tOOQOOO 
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500.000 
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20Q000 
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0 10 20 30 40 50 60 70 80 90 100 
Plant Capacity in Per Cent 
Fio. 63. — The graphic basis of a budget. 
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another factor comes into play — the variation of such expense 
with variation in output. Hence, for several definite operating 
capacities, corresponding overhead expense budgets should be 
established, in order to determine the exact structure of the 
budget for any output, whether for 25, 50, 75, or 100 per cent of 
normal capacity. Rautenstrauch^ does this graphically in the 
following manner: 

First, the cost accounts are grouped in four classes: 

1. Direct materials, varying directly with production. 

2. Direct labor, varying directly with production. 

3. Variable charges, such as indirect materials, indirect labor, supplies 
and the like, which vary with the production. 

4. Fixed charges, which do not vary with production but arc substantially 
constant. Such charges include interest on the investment, depreciation, 
insurance, taxes and the like. 

The historic cost records are next analyzed, in order to set 
standards of expense for variable charges. Obviously, direct 
materials, direct labor and fixed charges can be computed without 
any analysis of the cost accounts. Only those charges that vary 
with production must be computed in order to make the chart. 
Figure 53 shows such a chart as constructed by Rautenstrauch 
from actual plant data, a summary of which follows. An 
analysis of the operating statement at 65 per cent of normal 
plant capacity showed that: 



Total 

Percentage, 


Costs 

Based on Sales 

Direct material cost 

$195,000 

30 

Direct labor cost 

130,000 

20 

Variable charges 

32,500 

5 

Fixed charges 

130,000 

20 

Sales 

650,000 

100 

Profit 

162,500 

25 


The normal capacity of the plant is $1,000,000 in sales per year, 
and, with these data, the graph can be constructed. It will be 
noted that below $300,000, or 30 per cent of annual sales, a loss 
will be incurred and that at any other given plant capacity a 
limit for expenses is established. No attempt should be made to 
budget expenses precisely until the machinery of cost accounting 
has been working smoothly for a suflBcient length of time. 

^ Rautenstrauch, W., Chem, Met. Eng., 27, 415 (1922). 
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A . RAW MATERIALS COSTS 

The cost of raw materials and value of by-products and 
products must be determined from statistics in the company 
office or from a study of long-time price curves from such sources 
as the U. S. Census of Manufactures, Chemical & Metallurgical 
Engineering^ Industrial & Engineering Chemistry^ Chemical 
Industries^ Oil, Paint and Drug Reporter, and the daily papers. 
Fluctuations of prices are taken into consideration by striking 
an average or seeking the normal price. Steam, water, gas, air 
or any material that enters into the production of the chemical 
product must be included in the materials costs. Ferrous and 
nonferrous alloys vary considerably in price, but a range of 
$0,065 to $0,075 per pound is generally applied to cast iron, 
with mild steel $0.04 to $0.05 per pound higher. Stainless 
steels can be produced as low as $0.23 per pound, but $0.35 is 
still considered a fair evaluation. 

Costs of power, steam, gas, water, electricity, raw materials 
are itemized and totaled. Water costs vary, but it may be 
considered that $0.05 per 1,000 gal. is a normal water rate when 
the company pumps its own wells. According to Blake and 
Purdy ^ steam costs range from $0.22 to $0.35 per 1,000 lb., 
depending on the cost of fuel, size of units, load factor and 
labor cost. Electricity costs per kilowatt-hour, including all 
charges, average $0.0125 for industrial uses in the United States. 
Table 60 is a compilation of the averages in the individual states 
based on three different scales of demand. Gas at $0.50 per 
1,000 cu. ft. is a fair figure. A request from the local chamber 
of commerce or public utilities in the community selected will 
secure authentic data for that community. 

Bass and Mease^ point out that reduction in costs may be 
obtained by setting up several material balances on raw mate- 
rials used in several competing processes. 

Building, Equipment and Installation Costs. — The next con- 
sideration in preconstruction cost accounting concerns itself with 
the bill of materials for land, building and all equipment; this 
includes labor of erection as well as costs of all items. Most of 

' Perry, J. H., “Chemical Engineers*[Handbook,” 2ded., pp. 2488-2493, 
McGraw-Hill Book Company, Inc., New York, 1941. 

* Bass, L. W., and E. R. Mease, Chem, Met. Eng., 46 , 426 (1938). 
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Table 60. — Net Price of Electricity Average Charge per 
Kilowatt-hour for Industrial Service' 

January 1, 1939 


Billing demand 

Monthly consumption 

150 kw. 
30,000 kw.-hr. 

300 kw. 
60,000 kw.-hr. 

1000 kw. 
200,000 kw.-hr. 

State 

Cents per kw.-hr. 

Cents per kw.-hr. 

Cents per kw.-hr. 

Alabama 


.58 

1.48 

1, 

.37 

Arizona 

2 

.36 

2.23 

1 

.98 

Arkansas 

1 

.82 

1.G8 

1 

.58 

California 

1 

.31 

1.13 

0 

.98 

Colorado 

1 

.89 

1.78 

1 

.62 

Connecticut 

1 

.87 

1.68 

1 

.49 

Delaware 

1 

.82 

1.61 

1 

.38 

Florida 

2. 

.15 

2.01 

1. 

.72 

Georgia 

1, 

.67 

1.53 

1. 

30 

Idaho 

1. 

76 

1.69 

1. 

56 

Illinois 

2 . 

19 

1.90 

1. 

,47 

Indiana 

1, 

.85 

1.72 

1 

.49 

Iowa 

1. 

.88 

1.73 

‘ 1, 

.51 

Kansas 

1 

.82 

1.71 

1 

.52 

Kentucky 

1 

.84 

1.64 

1 

.42 

Louisiana 

1. 

.88 

1.60 

1 

.39 

Maine 

1, 

70 

1.70 

1, 

,49 

Maryland 

2, 

.07 

1.61 

1. 

.60 

Massachusetts 

2 

01 

1.79 

1, 

58 

Michigan 

2 

.11 

1.97 

1 

.70 

Minnesota 

1 

.92 

1.72 

1 

.46 

Mississippi 

1 

.93 

1.77 

1 

.57 

Missouri 

1 

.66 

1.56 

1 

.44 

Montana 

1 

. 35 

1.28 

1 

.17 

Nebraska 

1, 

.74 

1.64 

1 

.32 

Nevada 

1, 

.67 

1.17 

1 

.06 

New Hampshire 

1. 

.69 

1.58 

1 

42 

New Jersey 

2. 

.01 

1.78 

1, 

54 

New Mexico 

2. 

.15 

2.13 

2. 

.12 

New York 

2 

.08 

1.82 

1 

.54 

North Carolina 

1 

.57 

1.48 

1 

.39 

North Dakota 

2 

.19 

1.96 

1 

.68 

Ohio 

1 

.89 

1.67 

1 

.32 

Oklahoma 

1 

.75 

1.62 

1 

.44 

Oregon 

1 

.40 

1.27 

1 

.11 

Pennsylvania 

1 

.74 

1.55 

1 

.37 

Rhode Island 

1 

.83 

1.72 

1 

.48 

South Carolina 

1 

.70 

1.53 

1 

.33 

South Dakota 

2 

.23 

2.06 

1 

.88 

Tennessee 

1 

.56 

1.40 

1 

.20 

Texas 

1 

.89 

1.69 

1 

.43 

Utah 

1 

.50 

1.50 

1 

.50 

Vermont 

1 

.66 

1.54 

1 

.46 

Virginia 

1 

.62 

1.45 

1 

.22 

Washington 

1 

.52 

1.34 

1 

.18 

West Virginia 

1 

.83 

1.63 

1 

.30 

Wisconsin 

1 

.04 

1.78 

1 

.51 

Wyoming 

2 

.38 

2.13 

1 

.84 


» From Federal Power*Commi88ioii Report, FPC-R-17. 
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this information is available from manufacturers of the equipment 
or from their published price lists. In addition, there are avail- 
able many operation cost data on equipment in textbooks and 
in trade literature. The private files of the engineer often supply 
much of this. The listing of the items in the bill of materials 
is quite simple and is taken in its entirety from the drawings 
and blueprints of the process. The burden of completeness lies 
wholly upon completeness of the design and written specifications. 
The addition of the values and correct summation are merely 
items of stenography, or bookkeeping, or both. 

B. STRUCTURE BUILDING COSTS 

For purposes of comparison it is customary to express building 
costs on a square foot or cubic foot basis. These unit costs are 
influenced by many factors, viz.^ the type of construction, local 
labor costs, local material costs, the size of the building, the ratio 
of wall perimeter to floor area, etc. A unit cost for one build- 
ing should not be used in estimating the cost of another unless 
the conditions are similar. 

In reinforced-concrete storage buildings, multistory, 250 lb. 
load per square foot, costing between $53,000 and $200,000, 
cost per cubic foot varies between $0,096 and 0.072, or between 
$1.18 and $0.86 per square foot. For light manufactories, 
multistory, 12-ft. story height, 200-lb. load and buildings costing 
between $50,000 and $400,000, the cubic foot cost varies between 
$0.21 and $0.10, while the square foot cost varies between $1.10 
and $2.50. One-story mill-construction brick buildings cost 
between $0.92 and $1.90 per square foot for buildings of areas of 
100 by 500 ft. and 50 by 25 ft., respectively. 

In Table 61 the cubic foot costs are given for a one-story 
simple type of industrial building 60 by 150 ft. with an average 
height of 35 ft. The building is of steel frame construction, 
with ordinary concrete foundations, and a 6-in. concrete floor 
slab. Forty per cent of the wall area consists of steel sash and 
doors. The material for the walls and roof vary as shown in the 
tabulation. No allowance has been made for lighting, heating, 
or other building equipment. 

It is possible for the cubic foot costs of industrial buildings to 
vary from $0.05 to $0.06 for large cheaply constructed type to 
$0.36 to $0.40 for a well-built modern administration building. 
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Table 62 gives an approximation of relative costs of various types 
of industrial building on the square foot basis. 

Schaphorst^ has developed a nomograph showing approximate 
construction costs from building dimensions. 


Table 61. — Cubic Foot Costs of a Building' 


Type of material 

Approximate 
cost per 
cubic foot 

Walls 

1 

Roof 

Face brick, common back- 
ing, 8-in. total 

Tar and gravel on gypsum 
plank 

$0,098 

Common brick, 8-in. 

Tar and gravel on gypsum 
plank 

0.093 

Hollow tile, 8-in. 

Tar and gravel on gypsum 
plank 

0.085 

Corrugated asbestos 

Corrugat(Hl asbestos 

0.078 

Corrugated iron 

C/ornigated iron 

0.073 


^ Rounds, H. and J. T. Kieunan, Building Fabrication and Comparative Costs 
Chem. Met. Eng., 48 , 5— IOC (1041). 


Foundations and Excavations.- — One can safely figure piling, 
wood, concrete or steel, to cost per lineal foot in place $1 to $3, 
respectively, in ground which will permit straight and easy 
driving. Excavation costs for the average small foundation for 
machinery or building in soft dirt or clay are of the order of 
$3 a cubic yard. Wooden forms for contTete can be placed at 
$0.30 to $0.35 a square foot. For heavier foundations these 
figures will average as follows: excavation, $2 a cubic yard; 
forms $0.30 a square foot; and concrete, $10 a cubic yard. A 
concrete conduit tunnel will cost approximately $8 per running 
foot, whereas a larger walking tunnel averages $18 per foot. 

Flooring. — For a chemical plant where leakage of acid or alkali 
is possible, a concrete floor is not at all desirable. There is a 
tendency to crack and spall around the I-beams. The dilute 
acid runs down along the walls or pilasters and very quickly 
attacks and corrodes the steel. Such a construction combined 
with steel and concrete walls will not last over a period of five 

' ScHAPHORST, W. F,, Calculating Construction Costs, Ind. Eng. Chem. 
(News ed.), 25 , 1151 (1941). 

* Parker, H. R., Chem. Met. Eng., 83, 545 (1926). 
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or six years. In a very short time the floors become rough and a 
source of high maintenance. An acid brick, laid on cement, will 
give a smooth, permanent and easily maintained floor at a cost 
very little above concrete. 

For upper floors a very serviceable and reasonably priced 
floor can be obtained by the use of a heavy, thick tile laid in 
asphalt or tar on a concrete subbase. Such a floor is more 
quickly laid than acid brick and serves practically as well. 


Table 62. — Approximate Relation of Costs of Industrial Buildings 

OF V’’arious Types ^ 


Type of buildings 

Cost per square foot 
of floor area 

Fire-resisting 

Fireproof^ 

Multistory })uildings for light manufacturing. 
Multistory building.s for heavy manufactur- 
ing 

S1.70-$2.15 

2.00- 2.50 
1.70- 2.15 

1.65- 2.10 

1.90- 2.40 ^ 
1.40- 1.75 1 
00- 

$2.00-$2.50 

2.30- 2.85 
2.00- 2.50 

1.90- 2.40 

2.20- 2.75 
1.70- 2.20 
%4 00 

Multistory warehouses 

Single-story buildings for general manufac- 
turing 

Single-story buildings for heavy manufactur- 
ing 

Single-story warehouses 

Foundries 

Forge shops (exclusive of hammer founda- 
tions) 

3.00- 4.50 

2.75- 4.50 

3.00- 4.50 

Press and stamping (exclusive of press foun- 
dations) 

Heavy machine shops (exclusive of machine 
foundat ions) 


^ Kahn, M., Factory Manaycment and Maintenance, 95, 04 (1937). 

Approximate costs of a few types of flooring are given in 


Table 63. For purposes of comparison these costs have been 
calculated on a floor load of 200 lb. per square foot. (See also 
Fig. 54.) 

Walls and Roofs. — Walls and roofs constitute a lesser problem 
in chemical plants than flooring, except where fume attack and 
fire hazards are present. Tables 64, 65, and 66, together with 
Fig. 55, include the essential data on wall types, materials and 
costs of walls. 
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Fig. 64. — -Approximate) cost of various forms of factory floor construction, 
expressed in percentage of cost of most expensive floor shown. [H. E. Stitt, 
Chem. Met. Eng., 38, 196 (1931).! 

Table 63. — Cost of Floorings^ 


Material 

Type 

Cost per 
square 
foot 

Wood 

2-in. block alone 

$0.25 


2-in. block on concrete 

0.60 


Planks on joists 

0.30 


Wood on concrete 

0.56 


Standard hardwood double floor 

0.55 

CJoncrete 

Cement on ground 

0.26 


Cement on upper floors 

0.60 

Steel 

Checker plate, % in. 

1.15 


Grating 

1.36 

Brick 

Tile in cement on a concrete subbase 

0.70 


Acidproof, on concrete 

0.76 

Special conditions 

Ivead pan 

1.30 


Mastic on concrete 

0.65 


Paemb, H. R., Chem. Met. Eno., SI. 046 (1926). 
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Drop5idmg on 
Wood Spudding, 
Price 13% 


Matched Sheaihiag 
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Sheet Iron or Steel 
Price 1520% 


Asbestos Protected Metal 
Price 24% 

Lead Coated Metal 


Price 24% 
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Price 28% 



8- Inch Uncovered 


Hollow Tile 
Price 43% 

12' Inch Uncovered 
Hollow Ti le 
Price 48 % 



9- Inch 


Common Brick 
Price 75% 

15 - Inch 
Common Bnck 
Price 100% 


Fig. 65. — Approximate cost of various forms of wall construction. Expressed 
in percentage of cost of most expensive type shown (Stitt, loc. cit.) 


Table 64. — ^Wall Materials^ 
(See also Fig. 55) 


Material 

Type 

Cost 

per 

square 

foot 

Cost per sijuare foot 

Curtain 

walls 

Building 

walls 

6-in. 

8-in. 

12-in. 

16-in. 

Common brick 

Solid air space 



$0.75 

$1.20 

$1.60 

Concrete 

Block 


$0.45 

0.55 




Solid 


0.45 

0.55 

0.70 


Tile 

Hollow 


0.30 

0.40 



Steel 

Corrugated iron, 26 gage 

$0.22 






Asbestos covered 

0.27 





Wood 

Shingle 

0.20 






Clapboard 

0.20 





Special condi- 







tions 

Gypsum, 3 in. 

0.25 






Cement, covered, in. 

0.32 






Asbestos, in. 

0.40 






* Parker, H. R., Chem. Met. Eng., S8, 646 (1926). 
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Table 65. — Cost of Foundations and Walls in 3rick Mill Buildings 
OF Slow-burning Construction^ 


Number of stories 



One 

Two 

Three 

Four 

Five 

Six 

Foundations, including excavations, 
cost per lineal foot 

Outside walls 

$2 00 

$2.90 
2 . 25 

$3.80 

2.80 

$4.70 

3.40 

$5.60 

3.90 

$6.60 

4.50 

Inside walls 

1.75 

Brick walls, cost per square foot of 
surface 

Outside walls 

0.40 

0 44 

0.47 

0.50 

0.53 

0.45 

0.57 

0.47 

Inside walls 

0.40 

1 

0.40 

0.40 

0.43 

1 


* Alford, L. P., “ Manugemcnt’a Handbook,” p. 282, The Ronald Press Company, 
New York, 1024. 


A wooden building may be made fireproof by the use of the 
cement gun to coat the interior with a layer of cement. The 
tabulation of Table 66 gives the results of a job of coating 6,000 
sq. ft. with cement about thick: 


Table 66. — Cost of ('ement-coating Wooden Building^ 

Cement-gun crew and outfit 

Carpenters 

Laborers 

Cement 

Sand 

Metal 

Total time 

3 coats applied 

Square feet covered per hour 

Material 


Rental of outfit 

Applying lath 

Applying cement 

Cement, 86 bbl 

Sand, 40 yd 

Miscellaneous material and power 
Metal lath 


$43 . 20 per day 
0.75 per hour 
0 . 50 per hour 
3 . 90 per liarrel 
1.40 per cu. yd. 
0.04 per sq. ft. 
45 hr. 

135 sq. ft. 
I.4ibor 
$ 432.00 

476.00 

318.00 

$331.00 

66.00 

80.00 

240.00 


Total $707.00 $1,226.00 $1,933.00 

Unit Costs Material Labor Total 

Metal lath $0,040 $0,080 $0,120 

Cement 0.076 0.126 0.201 


Total cost per square foot 

1 Pabsbr. H. R., Chem. Met, Bng., 88, 547 (1026). 


$0,116 $0,205 $0,321 
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Table 67. — Cost per Square Foot op Roofing Materials' 
(See also Fig. 62) 


Wood shinglfts 

$0.10 

Slate 

$0.40 

0.40 

Planks with tar ard gravel 

Tile 

specification 

0.20 

Asbestos 

0.35 

Corrugated iron 

0.20 

Concrete, tar and gravel 

0.30 

Tin on planks 

0.25 

Gypsum, precast tile plus tar 

Copper on planks 

0.60 

roofing paper 

0.30 

Lead on planks, 4 lb 

0.80 

Glass 

1.25 

Zinc on planks 

0.40 



Building costs per unit material, labor only: 


Wood $25-S50 per 1,000 board feet 

Steel cts. per pound 


1 Parker, H. 11., Chem. Met. Eng., 38, 546 (1926). 


Tabije 68. — Cost of Heating Installations, Steam 
(Based on building volume, 0°F. outside, 60°F. inside) 


Enclosed 
volume of 
building, cu. ft. 

Pipe radiators' j 

Fin radiators* 

Sq. ft. 
at 5-lb. 
steam 
pressure 

Including 
supply and 
return 
lines 

Sq. ft. 
at 5- lb. 
steam 

pressure 

Including 

fans 

Motor 

hp. 

50,000 

320 

$ 300 

60 

$ 235 

H 

100,000 

630 

550 

100 

325 

K 

160,000 

950 

750 

150 

525 

K 

250,000 

1,600 

1,150 

250 

950 

1 

600,000 

3,200 

2,200 

500 

1,800 

2 

1,000,000 

6,300 

4,000 

1,000 

3,600 

4 

2,000,000 

12,500 

8,000 

2,000 

7,000 

8 


* Pipe radiation based upon 0.4-0. 5 ct. per cubic foot volume of mill building, from 
construction costs, etc. 

* Fin radiation based upon manufacturers’ estimates, including allowance for outlets 
and intakes, freight, piping and installation. Air-blast systems cost approximately same 
as pipe radiation. 


Refrigeration. — A refrigeration unit of 20 tons per <iay will 
cost between $200 and $300. 

Cost of Lighting Equipment. — Figures on the cost of lighting 
equipment used in lighting a miniature lamp factory, using 
300-watt lamps and an energy consumption of 3 watts per square 
foot, appear in Table 69. 
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Table 69. — Cost op Lighting Equipment 


Equipment Cost per Outlet 

Fittings $ 2.21 

Conduit 0.94 

Wire 1.94 

Panel boards 2.04 

Miscellaneous supplies 0.51 

Miscellaneous 0.22 

Fixtures 4.71 

Switches 0.12 


Total (not including lamp) $12.69 


Overhead lighting expense includes depreciation on the original 
installation to return the investment, plus interest and main- 
tenance. Considering a possible complete replacement in 6 
years, depreciation must be charged at the rate of 1.4 per cent 
of first cost per month. Interest at 6 per cent per year, on the 
declining principal, would be 18 per cent of first cost in 6 years, 
or 0.25 per cent per month. Proper maintenance expense will 
usually average less than per cent of first cost per month — 
use 0.35 per cent. Total overhead lighting expense is thus 2 per 
cent (1.4 plus 0.25 plus 0.35 per cent) per month, assuming 
complete replacement in 6 years. 

C. EQUIPMENT COSTS 

An excellent compilation of costs of process equipment and 
accessories, including data on pipes and tubings, fittings, heat 
exchangers, pumps, thickeners, filters, driers, absorption towers, 
and packing has been made by Bliss. ^ 

1. Materials Handling 

If the capitalization of the wages of an average worker, on 
the basis of the average net return from the capital employed 
in the industry, may be assumed to be between $10,000 and 
$15,000, equipment for which cost and maintenance equal this 
amount may be installed for each worker. However, the nature 
of the work often controls the type of labor required, whether 
mechanical or human, and this factor must be given more con- 

1 Bliss, H., Trans. Amer. Inst. Chem. Engr.y 87, 763 — 803 (1941). 
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sideration than the capitalization costs. The variety of equip- 
ment available for handling chemical products often complicates 
the selection, but the decision oftentimes depends upon cost of 
the service rendered. Data on cost of mechanical handling of 
chemical products are given by Montgomery in Perry's Chemi- 
cal Engineers' Handbook," Sec. 20. 


a. Belt Conveyors. 


Table 70. — Performance and Cost Data on Belt Conveyors^ 
(Basis: 100 ft. between centers) 


Belt 

width, 

in. 

Material weight, 

50 lb. per cu. ft. 

Matc'rial weight, 

100 lb. per cu. ft. 

Approxi- 
mate price, 
not 

assembled 

Belt 
speed, 
ft. per 
min. 

Capac- 
ity, 
tons 
per hr. 

Theo- 

retical 

motor 

hp. 

Belt 
speed, 
ft. per 
min. 

Capac- 

ity, 

tons 
per hr. 

Theo- 

retical 

motor 

hp. 

18 

250 

65 

0.928 

250 

130 

1.46 

$ 615 

20 

250 

80 

1.09 

250 

160 

1.73 

670 

24 

250 

115 

1.48 

300 

276 

2.83 

850 

30 

300 

216 

2.44 

350 

504 

4.66 

1,040 

36 

300 

312 

3.16 

350 

740 

6.13 

1,350 


1 Chain Belt Co. 


b. Apron Conveyors. 


Table 71. — Performance and Cost Data on Apron Conveyors* 


Pitch of 
conveyor, 
in. 

Length of 
apron, 
in. 

Capacity, 
tons per 
hr. 

Horse power 
for 50-ft. 
centers 

Approximate 
price, not 
assembled 

6 

18 

21 

1.6 

$ 660 

6 

24 

28 

1.8 

720 

6 

30 

35 

2.1 

780 

6 

36 

42 

2.2 

840 

9 

42 

57 

2.3 

930 

9 

48 

66 

2.3 

970 

12 

54 

106 

2.3 

1,045 

12 

60 

117 

2.3 

1,070 


* Chain Belt Co. 
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c. Bucket Elevators. 

30 ft. of 6- by 4-in. buckets, no casings but otherwise complete, $ 350 
30 ft. of 16- by 8-in. buckets, no casings but otherwise complete, 1 , 100 


Tabi.e 72.— Performance and Cost Data for Bucket Elevators^ 


Size, in. 

Capacity on 
material 
weighing 

100 lb. per cu. ft. 

Horse power 

Approximate 
list price 

6X4 

7.1 

1.07 

$1,250 

8X5 

14.8 

2.22 

2,110 

10 X 6 

26.6 

4.00 

3,162 

12 X 6 

32.0 

4.80 

3,790 

14 X 7 

50.9 

7.60 

5,170 

15 X 7 

77.7 

11.6 

5,910 

16 X 7 

83.0 

12.4 

6,550 


1 Chain Belt Co. 


d. Screw Conveyors. 


'Table 73. — Performance of Screw Conveyors^ 



Capacity, , 

Horse power 

Recommended 

Size, 

in. 

cu. 

ft. per 

hr. 

required 

speed, r.p.m. 

A 

B 

C 

A 

B 

C 

A 

B 

C 


6 

315 

175 

130 

0,0835 

0.13 

0.19 

160 

100 

65 

9 

1 ,100 

600 

440 

0.269 

0.45 

0.72 

150 

95 

60 

10 

1,400 

2,2()0 



0.377 



140 



12 

1,280 

980 

0.539 

0.985 

1.68 

120 

85 

55 

14 

3,600 

1,930 

1,450 

0,915 

1.50 

2.52 

120 

80 

55 

16 

5,400 

2,700 

2,000 

1.40 

2.09 

3.50 

120 

75 

50 


A = light, nonabrasive material, as grain. 

B =a heavy, nonabrasive material, as coal. 

C — heavy, abrasive material, as sand. 

Screw-conveyor troughs of black iron vary in cost from $3 a foot in length 
for the 6-in. diameter trough to $9 a foot for the 16-in. size; the galvanized 
trough is approximately one-third more costly. 

* Chain Belt Co. 


e. Suction Conveyors. 

Pneumatic conveyor to move 10 tons per hour of 40 lb. per cu. ft. material 
a distance of 300 ft., $7,500 
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Table 74. — Performance and Cost Data on Suction Conveyors 


Size, in. 

Capacity for 

50 lb. per cu. ft. 
material, 
tons per hr. 

Horse power 

List price 

2 

7.7 

2.2 

$ 720 

4 

30.8 

8.8 

3,000 

6 

69.3 

19.8 

6,460 

8 

123.1 

35.2 

11,500 

10 

192.5 

55.0 

18,000 

12 

277.0 

79.2 

25,900 


f. Wagon Unloader. — Overhead, motor operated, 1 hp., $ 400 

g. Portable-platform Elevator. — Four-ton capacity, 1,750 

2. Size Reduction 

A review^ of crushing and grinding costs has been compiled for a 
selected group of materials on several classes of milling equipment. 

Table 75 is a general table on power requirements and costs for 
the four grades of size reduction. 

Tabi.e 75. — Size Reduction Power Requirements and Costs^ 


Classification, 
tons per day 

Breaking or 
coarse 
crushing 
(12 in.-2 in.) 

Intermediate j 
crashing 
(2 in.-J4 in.) ' 

Fine 
grinding 
in.-— 50 
mesh) 

Pulverizing 

(50-200 

mesh) 

Kilowatt-hours per ton 

15,000 

0.50 

15 

5.0 

4.0 

5,000 

0.75 

2.0 

7.0 

5.0 

1,500 

1.25 

2.5 

10.0 

8.0 

500 

4.50 

4.5 

13.0 

10.0 

150 

7.00 

7.0 

30.0 

30.0 

50 

12.00 

12.0 

40.0 

40.0 

15 

20.00 

20.0 

50.0 

50.0 

Crushing costs, dollars per ton 

15,000 

$0.01 

$0.03 

$0.10 

$0.08 

5,000 

0.015 

0.04 

0.15 

0.10 

1,500 

0.07 

0.07 

0.20 

0.15 

500 

0.10 

0.10 

0.30 

0.25 

150 

0.15 

0. 15 

0.75 

0.75 

50 

0.25 

0,25 

1.00 

1.00 

15 

0.40 

0.40 

1.50 

1 50 


» Basis per 24-hr., day. 

^ Fuwa, T., Chem, Met. Eng.^ 80, 268 (1924). 
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a. Cone Crusher. 


Table 76. — Performance and Cost Data on Cone Crushers for Coarse 

Grin DING 1 


Size 

cone, 

ft. 

Size of product, inches 

Horse 

power 

Cost 

% 


1 

IH 

IH 

2 

Capacity, tons per hour (average) 

2 

30 

35 

45 

50 

60 


30 

$ 3,500 

3 

55 

70 

80 

85 

90 

95 

60 

5,500 

4 

100 

120 

150 

170 


185 

100 

8,000 


160 

200 

275 

300 

. . . 

375 

200 

15,000 

7 

280 

330 

450 

560 

600 

790 

300 

23,000 


1 Nordburg Manufacturing Co. 


b. Pebble Mills. 


Table 77. — Performance and Cost Data on Pebble Mills* 


Size, 

feet 

Hourly capacity 

Horse 

power 

Cost 

Sand, 

pounds 

Semipaste, 

gallons 

1 X 

40 

6)^ 

H 

$ 100 

2H X 3H 

250 

42 

3 

750 

3X4 

450 

80 

5 

1,000 

3H X 4 

680 

110 

6 

1,100 

4M X 3K 

1,000 

170 

8 

1,450 

4K X 4>^ 

1,350 

225 

SH 

1,550 

5X6 

2,200 

385 

12 

2,150 

6X6 

2,750 

460 

15 

2,600 

6X8 

4,650 

775 

22 

3,325 

6 X 10 

6,300 

1,000 

30 

4,150 


1 Patterson Foundry & Machine Co. 


c. Tube Mills. 

Tube mills grinding 1?^ tons of feldspar per hour cost approximately 
$20,000, with all accessories included, but not including the necessary 
building. 

A complete plant which will grind in the neighborhood of 2 tons of feldspar 
per hour, 98 per cent through 200 mesh, with a feed through in., costs 
approximately $45,000 complete, including the building, primary crusher, 
elevator from the crusher to the storage bin, storage bin, all the necessary 
fittings, tube mill, elevator from the tube mill to the separator and elevator 
returning the tailings to the mill, finished product elevator, a 150-ft. self- 
conveyor and a structural steel building 35 by 60 ft. 
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d. BaU MiUs. 

Ball mills with the essential accessories included, for grinding 26 tons of 
limestone per hour, would cost $4,500; and $11,000 for grinding 50 tons of 
barytes. Ball mills, without accessories, for dry grinding of medium lime- 
stone, range in cost from $2,250 to $14,500 for capacities between Vji tons 
per hour, of IJ^-in. to 10 mesh, or ly^ tons of 1-in. to 48 mesh, to 36 tons 
per hour of to 10 mesh, or 25 tons of 1-in. to 48 mesh; the horsepower 

requirements range between 28 and 325. 

Ball mills, without accessories, for wet grinding range in costs between 
$1,400 and $17,000, with capacities ranging from 1 to 20 tons per hour, 
grinding from IJ^ in. to 10 mesh and I4 in. to 200 mesh, at an expenditure 
of power ranging between 9 and 320 hp. 


e. Rod Mills. 


Table 78. — Performance and Cost Data on Low'-c\pacity Rod Mills^ 


Size, 

ft. 

Mesh j 

Horse 

power 

Approxi- 
mate cost 

8 1 

20 1 

35 1 

1 48 1 

65 1 

1 100 

Capacity, tons per hour, medium-hard rock, 
1 in. 

2X4 

1 


2-4 
/ 0 

H 


A 

6 

BWill 

3X6 

3 


2 

IH 


H 

17 


3X8 

4 

3 

2K 

2 

VA 

1 

26 


4X 8 

lOK 

7K 

6M 

SVi 

m 

2 

47 

4,650 

4 X 10 

12M 

mi 

7K 

6M 

4K 

2A 

57 



> The Mine & Smelter Supply Co. 


Table 79. — Performance and Cost Data on High-capacity Rod Mills^ 


Size, 

ft. 

Mesh ! 

Horse 

power 

[ Approxi- 
mate cost 

8 1 

20 1 

35 1 

48 1 

65 1 

100 1 

Capacity, tons per hour, medium-hard rock 

MM 

22H 

16M 


IIM 


4H 

97 

$ 6,875 

mam 

26 

19 

m/i 

m 

10 

6H 

120 

8,550 

mam 

33H 

26 

21 

m 

12H 

7 

145 

16,260 

Bi 

53H 

40 

33K 

2QA 

20 

11 

170 

21,000 


^ The Mine & Smelter Supply Ca 
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f. Roll Crushers. 


Table 80. — Pebfokmance and Cost Data on Sinole-boll Cbushebs' 


Size, in. 

Size product, in. 

Size product, in. 

Cost 



2 

3 

4 

IK 

IK 

2 

3 

4 

Capacity, ton.s per hour 

1 

Horse power j 

18 X 18 

30 

40 

55 

60 

65 

11 

13 

15 

12 

10 

$ 750 

18 X 24 

40 

55 

75 

80 

85 

14 

18 

20 

16 

12 

800 

24 X 24 

65 

90 

1(X) 

125 

140 

23 

29 

27 

25 

20 

1,200 

24 X 30 

85 

120 

130 

100 

1801 

30 

38 

35 

31 

25 

1,250 

24 X 30 

100 

130 

150 

190 

210 

35 

42 

40 

37 

30 

1,325 

30 X 30 1 

130 

170 

200 

250i 

27o! 

45 

54 

53 

49 

38 

1,700 

30 X 30 

IGO 

210 

240 

300 

330 

55 

66 

62 

59 

45 

1,900 

30 X 42 

100 

240 

280 

350 

380 

66 

76 

74 

68 

54 

2,100 

30 X 48 

220 

280 

320 

400 

440 

77 

90 

86 

78 

61 

2,300 

36 X 36 

270 

350 

420 

500 

510 

94 

110 

no 

98 

70 

3,300 

36 X 48 

370 

470 

570 

600 

770 

130 

150 

150 

115 

115 

3,500 


1 C. O. Hiutlott «fe Snow Co. 


Table SI. — Pekformance and Cost Data ox Two-pair Roll Crushers' 


Size, 

Capacity, bu. per hr. 

Horse 

Approxi- 

in. 

M(‘al 

Feed 

power 

mate cost 

6 X 12 

10 

16 

3 

$ 864 

7 X 14 

16 

25 

4 

930 

7 X 18 

25 

35 

6 

990 

9 X 14 

28 

40 

8 

1,035 

9 X 18 

35 

55 

12 

1,071 

9 X 24 

40 

70 

15 

1,122 

9 X 30 

55 

85 

17 

1,248 

10 X 30 

60 

100 

20 

1,620 

10 X 36 

80 

120 

24 

1,812 

12 X 30 

90 

130 

27 

2,130 

12 X 36 

100 

180 

35 

2,340 


Note. — C apacity and horsepower will vary with various kinds of mate- 
rials and every quality of meal and feed. 

» Tlie Wolf Co. 


g. Attrition Mills. 

A complete attrition mill, to grind 50 cwt. of corn per hour, costs approxi- 
mately S650. 
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h. Hammer Mills. 


Table 82. — Performance and Cost Data on Hammer Mills' 



Size product, inches 



Size of hopper 

1.^ 

1 


Horse 

Approxi- 

opening, inches 




power 

mate cost 


Capacity, tons per hour — based 




on limestone 



12 X 20 





$ 480 

24 X 40 

125 

100 

75 

100 

5,100 

30 X 40 

150 

125 

100 

150 

5,700 

40 X 40 . 

200 

150 

125 

175 

6,300 

60 X 40 

250 

200 

150 

200 

7,000 

60 X 40 

300 

250 

200 

225 

7,700 

70 X 40 

350 

300 

250 

250 

8,300 


* Dude Manufacturing Co. 


i. Whirlbeater. 

A whirlbeater with necessary accessories, to grind 100 cwt. of corn per 
hour, costs approximately SI, 500. 

3. Mechanical Separation 

A compilation^ on cost of filtration equipment and operation 
costs has been presented on filter presses, pressure leaf filters and 
vacuum filters, 

a. Screens. 


Table 83. — Performance and Cost Data for Hum-mer Screens' 


Size, ft. 

Capacity, tons 
per hr., coal 

Horse power 

Cost 

4X6 

56 

2 

$ 750 

4X6 

80 1 

3 

1,025 

4X7 

110 

5 

1,300 

4X8 

148 


1,600 


» The W. 8. Tyler Co. 


b. Filter Presses. 

Cost of filter presses constructed of metal approximate: 

For Al, 1.85, for bronze, 2.75 for lead 2.25 and for stainless steel 4.5 times 
the base price for cast iron. 

See Figs. 57 and 58. 

^ Whitman, G., and T. Fuwa, Chem, Met, Eng., 80, 355 (1924). 
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c. Pressure Leaf Filters. 
See Fig. 59. 


Table 84. — Performance and Operation of Kelly Filter^ 


Size, sq. ft. 

Number of 
frames 

Spacing of 
frames, inches 

Weight of cake, lb. per cycle, 
13^-in. cake at 120 lb. per cu. ft. 

60 

6 

4 

750 

260 

8 

4 

4,050 

450 

10 

4 

6,900 

650 

12 

4 

9,780 


^ Oliver United Filters, Inc. 


Table 85. — Performance Data on Sweetland Filter' 


Filter area, sq. ft. 

Filter-leaf 
spacing, in. 

Number of 
leaves 

Nominal cake 
capacity, 1-in. 
cake, cu. ft. 

7 

3 

7 

0.58 

31 

3 

12 

2.2 

131 

3 

20 

10.9 

177 

3 

27 

14.7 

364 

3 

36 

30.3 

696 

3 

48 

57 9 


* Oliver United Filters, Inc 


Filters of the Kelly type range in cost between S2,(XX) and $7,000, while 
those of the Sweetland type vary betw'een $400 and $6,000. 



Fig. 69. — Cost of pressuredeaf filters. Cost, which is expressed in dollars 
per square foot of filter area, does not include accessory equipment. ((Jhapiin 
Tyler,) 
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d. Vacuiun Filters. 

See Fig. 60. 


Table 86. — Performance Data on Oliver Filter^ 


Diameter, 

ft. 

Length, 

ft. 

Area, 
sd- ft. 

Construction 

Capacity,* 
tons per 
hr. 

Horse 

power 

3 

2 

18 

Cast-iron drum 

5.4 


4 

6 

75 

Cast-iron drum 

22.5 



8 

130 

Steel 

39.0 


8 

12 

300 

Steel 

90.0 

3H 

3 

4 

36 

Wood 

10.8 



6 

100 

Wood 

30.0 


5K 

10 

165 

Wood 

49.5 

2 

8 

10 

250 

Wood 

75.0 

SK 


14 

500 

Wood 

150.0 

sy2 


* Oliver United Filters, Inc. 

s Based on GOO IL. of iMat<*ri<il i)er square foot of area. 


Table 87. — Performance Data on American Filter^ 


Filter area, 
sq. ft. 

Diameter of 
disks, feet 

Number of 
disks 

Capacity, 
tons per hr. 

Horse power 

22 

4 

1 

6.6 

y 4 

86 

4 

4 

26.4 

1 

100 

G 

2 


1 

300 

6 

6 


2 

185 


2 



375 


4 


2 

745 

SH 

8 


3 


1 Oliver United Filters, Inc. 


Vacuum filters generally require a greater initial outlay than other types; 
the Oliver type ranges in cost between $1,400 and $6,500, and the Amer- 
ican type between $1,700 and $10,000. 
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Fiq. 60. — Cost of vacuum continuous filters. Cost, which is expressed in 
dollars per square foot of filter area, is calculated for filter and drive and for filter 
complete with accessories. {Chaplin Tyler.) 


e. Extractors. 


Table 88. — Performance and Co.st Data on Centrifugal Iijctractors' 


Type 

Size, 

in. 

Rated 

cubic 

feet 

Capa 

Bushels 

city 

liOad, 

pounds 

Speed, 

r.p.m. 

Horse 

power 

Ap- 

proxi- 

mate 

cost 

Base bearing 

26 

2H 

2 

300 

1,050 

3 

$ 950 


40 

6 

4 

600 

900 

4 

1,350 

Link suspended. . 

44 

10 

8 

800 

760 

5 

2,100 


60 

17H 

14 

1,200 

660 


2,600 

Continuous flow. 

10 

0.21 




K 

480 


20 

1.65 




1 

890 


30 

6.80 




3 

1,640 


36 

11.70 




5 

2,176 


40 

17.40 




10 

2,660 


48 

26.10 




15 

4,300 


1 DeLsval Separator Co. 


f. Dewaterers. 

Vacuum dewaterers, from small to large: S24 to $14 per square foot of 
fdtering area. 
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g. Classifiers and Thickeners. 

Dorr classifier, light duty (iron and steel): $350 to $500 per foot width; 
heavy duty (iron and steel) : $450 to $950 per foot width. 

Akins classifier, heavy duty (submerged): $500 to $750 per foot spiral 
diameter. 

Dorr thickener, iron and steel, $2.50 to $6.50 per square foot of settling 
area. 


4. Mixing 


Table 89. — Performance and Cost Data on Plain and Jacketed 

Mixers^ 


Diameter, 

in. 

Depth, 

in. 

Capacity, 

gal. 

Horse 

power 

Approximate 
list price, 
standard 

Approximate 
list price, 
jacketed 

24 

24 

47 


$175 

$ 260 

36 

36 

155 

1 

265 

365 

48 

48 

375 

2 

422 

547 

60 

60 

735 

3 

561 

691 

72 

72 

1,270 

5 

720 

1,000 

84 

84 

2,000 

7H 

937 

1,482 


» Patterson Foundry & Machine Co. 


Table 90. — Performance and Cost Data on Horizontal Mixers' 


Capacity, 

gal. 

Capacity, 
cu. ft. 

Width, 

in. 

Height, 

in. 

Length, 

in. 

Horse 

power 

Approximate 
list price 

60 

8 

18 

22 

40 


$ 285 

185 

25 

24 

30 

66 

IK 

409 

470 

60 

36 

40 

84 

3 

672 

650 

85 

42 

48 

84 

5 

855 

1,000 

133 

48 

56 

96 

7K 

1,163 

1,250 

166 

48 

56 

120 

10 

1,400 


' Patterson Foundry A: Machine Co. 


5. Heat-transfer Equipment 

a. Kettles. 


Table 91. — Performance and Cost Data on Jacketed Process Kettles' 


Capacity, 

gal. 

Diameter, 

in. 

Depth, 

in. 

Horse 

power 

Approximate 
list price 

50 

24 

28 


$ 300 

150 

36 

44 

1 

420 

350 

48 

55 

2 

625 

725 

60 

70 

3 

760 

1,250 

72 

92 

5 

1,150 

1,600 

84 

92 

7K 

1,660 


* Patterson Foundry A Machine Co. 
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Copper kettle 175-gal. capacity, $150. 

Monel metal kettle 175-gal. capacity, $210. 

Still kettle, horizontal, steel, 5,000-gal. capacity $1,650. 


b. Evaporators. 

An economic study of evaporators for purposes of pn*senting costs of 
equipmenkand operation is given in Fig. 61. 



1000 2000 3000 4000 5000 

Total Square Feel of Heatinq SLjrface^AII Bodie\s 


Fig. 61. — Cost of evaporator bodies. Cost is expressed in dollars per square 
foot of heating surface. {Courtesy of Swenson Evaporator ComjHiny, Harvey, 

m 

Evaporator costs per square foot of heating surface (Badger in Perry’s Hand- 
book, p. 1047). 


Vertical tube, 50 to 5,000 sq. ft $17 to $4 

Horizontal tube, 50 to 2,300 sq. ft $18 to $4 

Forced circulation, 50 to 2,500 sq. ft $72 to $4 


‘Auxiliary equipment for evaporators: 


Condensers for large multiple efTects 6 per cent of base cost 

Condensers for small installations 20 per cent of base cost 

Vacuum pumps 20 per cent of base cost 

Salt catches 10 per cent of base cost 


Special materials of construction (iron for ba.sic construction) 


Tubes, copper instead of iron, add. . 10 per cent to 1 asc price 

Steel body and tubes, deduct 20 per cent from base price 

Lead tubes and lead-lined body, add 150 per cent to basa price 
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c. Condensers. 

Condensers vary considerably in cost depending upon materials of con- 
struction and service. A floating-end, 24-in. diameter condenser, with 
capacity between 200 and 300 gal. cooling water per minute, costs approxi- 
mately $300 while a 100-in. size with capacity between 6,000 and 9,000 gal. 
per minute costs ten times as much. A Tulsa type with 24 sq. ft. of cooling 
surface costs approximately $125. A 2,000 sq. ft. condenser with admiralty 
tubing approximates $2.75 per sq. ft. (see Fig. 62). 



Fiq. 62 . — Cast or unit surface condensers. {Courtesy of J, P. Devine Company, 

Mt. Vernon, III.) 


d. Crystallizers. 

Swenson- Walker $65 to $75 per foot of length 

Batch coil, 1,000 gal $500 

e. Distillation. 

Distilling equipment, 1,000 gal. alcohol per hour, $47,000. 

Batchstill, aluminum (jacketed) 350 gal. capacity $580 

36-platc, bubblc-cap, low-pressure, steel; 30 in. diameter by 42 ft. high, 
$2,500. 

9-plate, bubblc-cap, single 6 in.; 12 in. diameter by 10 ft. high, $600. 
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Table 82. — Distillation Column Costs* 


Plate 

spacing, 

inches 

Allowable 
velocity, 
ft. per sec. 

Efficiency, 

Number of 
plates 

Column 

diameter, 

inches 

Cost of 
column, 
dollars 

6 

1.35 

0.98 

20 

42.00 

1,095 

7 



20 

42.00 

1,106 

11 



20 

18.00 

397 

11 



20 

44.00 

1,341 

12 

3.10 

0.98 

20 

27.75 j 

645 

15 


1 

20 

42.00 

1,310 

18 

4.50 

0.98 

20 

23.00 

680 


* Pkavt, C. C., and E. M. Bajeer, The Efficiency and Capacity of a Bubble Plate Frac- 
tionating Column, Trana, Am, Inst. Chem. Engra., 33 , 341 (1937). 


f. Dryer. 

Rotary, steel, 6 ft. by 26 ft. 8 in., for drying com germ; contain- 
ing 48 43 ^-in. 10-gage steam-heated tubes; direct motor drive, 

5 hp $ 8,000 

Rotary, steam-jacketed meal dryer, ribbon-screw agitated, 30 bu. 

per hour capacity 675 

Distillery feed pressing and drying equipment 12,000 

Spray dryer, gasoline solvent from rosin 5,000 

See Fig. 63 for cost of vacuum chamber dryers. 



Fiq, 63. — CoBt of vacuum chamber ^yera. {Courteay of J. P. Detine Company, 

Mt. Vernon f III.) 
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Table 94. — Cost op Heat and Coal for Drying Granular Solids 
To drive off moisture (theoretical) per ton (2,000 lb.) of dry material 


Mois- 

ture, 

per 

cent 

Water, 

pounds 

At 100 per cent 
efficiency 

Mois- 

ture, 

per 

cent 

Water, 

pounds 

At 100 per cent 
efficiency 

Total 

B.t.u. 

Coal, 

pounds 

Total 

B.t.u. 

Coal, 

pounds 

1 



7.2 

25 

667 

809,550 

67.5 

2 

41 


9.2 


857 

1,021,970 

85 

4 

83 

156,530 

13.1 

35 

1,077 

1,267,930 

106 

6 

128 


17.7 

40 

1,333 

1,554,130 

130 

8 

174 

258,370 

21.5 

50 

2,000 

2,299,840 

193 


222 


26.0 

60 

3,000 

3,417,340 

285 

12 

273 

369,050 


70 

4,667 

5,280,430 

440 

14 

325 

427,190 

35.6 

80 

8,000 

9,000,840 

756 

16 

381 



85 

13,333 

12,734,090 

1,060 

18 

439 

554,640 

46.2 

90 

18,000 

20,188,000 

1,680 

20 



52 

95 

38,000 

42,548,000 

3,550 


Note. — Total B.t.u. include 63,840 B.t.u. to raise ternperaturo of material 
from 60° to 212°F., at which point evaporation takes place (sea level); 
specibc heat of material taken as 0.21. Coal assumed to have 12,000 B.t.u. 
per pound as used and is for 100 per cent efficiency as specified. Table of 
coal added to original data by General Engineering Company. 


Rotary dryers have efficiencies of 50 to 70 per cent; coal con- 
sumption may be determined from the above table by subtract- 
ing pounds of coal corresponding to percentage of moisture in the 
dried product from the pounds of coal to percentage of moisture 
in the feed, and dividing by the efficiency expressed decimally. 
Power required for mechanism and fan is about 1 hp. per ton of 
moisture removed per 24 hr. Capacity 250 to 660 lb. water 
evaporated per square foot section per 24 hr. 

6. Storage and Processing 


a. Vats. 

Redwood, round vat, straight sides, 3-in. staves, 14 by 15 ft. 4 in., 

17,000 gal $ 600 

Redwood, as above, except 2-in. staves, 8 by 5 ft. 5 in 200 

Fermentation tanks, redwood, 18,000 gal 800 

Concrete tanks, reinforced, 10 by 10 by 14 ft., with 14-in. wall. . . 650 

Concrete tanks, reinforced, 14 by 14 by 14 ft., with 18-in. wall. . . 820 
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b. Tanks. 


Chemical stoneware, 11 by 9 by 8 in $ 14 

42 by 20 by 12 in 92 

Steel, round, 12 by 15 ft 480 

12 by 7 ft. 8 in 420 

8 by 8 ft 360 

8 by Oft 280 

6 by Oft 90 

4 by 5 ft 30 

Steel, cylindrical, 100-lb. test, 30,000 gal. capacity 1,500 

Nickel, 000 gal. 5 by 4 ft. open, flat bottom 350 

150 gal, 3 by 3 ft. open, flat bottom 165 

30 gal. 15 by 2 ft. open, flat bottom 85 

750 gal. 5 by 4.5 ft. open, conical bottom 503 

500 gal. 4 by 5 ft. open, conical bottom 345 

1000 gal. 5 by 9 ft. closed vacuum 500 gal. liquor capacity . . 3,083 

500 gal. 4 by 5 ft. closed, vacuum, (nickel clad steel) 26 in. 
vacuum 735 


See Fig. 64 for approximate costs of wooden tanks. 



Fia. 64. — Approximate costs of wooden tanks. [C. S. Robinson, Ind. Eng. Chem, 

14 , 604 (1922).] 


c. Barrels. 

Steel, 10 gal., each $ 2.20 

d. Water Towers. 

200.000- gal. capacity, three-panel, six-column, 92-ft. tank (installed) $16 , 000 

10.000- gal. capacity, four-column 75-ft. tank (installed) 5,000 


40000 
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7. Wells 

De«p drilled, 1,000 gal. per minute, 8-in. casing, limestone region. $ 5,000 
Shallow, bored in alluvial soil, 100 ft. deep, 20 in. diameter 4,500 


8. Steam Plant 

Approximately $17 per boiler horsepower. 


Table 95. — Analysis of Costs for Industrial Boiler Plant^ 


Dollars per 100 
Sq. Ft. of Boiler 
Surface 


Foundations for building equipment 8-12 

Building and fuel bunkers 20-40 

Boiler, superheaters, soot blowers, etc. (less than 250 

lb.) 20-35 

Economizers (erected) 10-20 

Air heaters (erected) 10-15 

Settings 6-10 

Coal firing and forced-draft equipment 12-18 

Coal handling equipment 5-7 

Ash handling equipment 4-5 

Breeching and chimney 7-10 

Feed pump 2-3 

Piping 10-5 

Water treating plant 6-9 

Motors, wiring and lighting 6-8 

Combustion control 1-3 


1 Blcibtret, H., Power , Oct. 6, 1931. 


9. Motors 


Table 96, — Motor Costs (Not Installed) 


Horse power 

Equipment 

Cost 

3 

Complete 

$130 

IQi 

Motor only 

$136-$ 786 

IQi 

With control 

175- 816 

20^ 

Motor only 

206- 1,076 

201 

With control 

276- 1,096 

501 

Motor only 

360- 1,966 

501 

With control 

415- 2,060 


* Compiled from Perry’s ’’Chemical Engineers’ Handbook,” 2d ed., p. 2719. 

Squirrel-cage induction motors decrease perceptibly in cost 
per horsepower, the motors approximating $68 per horse- 
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power; on the same basis, a 1-hp. motor would cost $44, a 10-hp. 
around $12.90 and a 40-hp. approximately $7.80 per horsepower. 


10. Pumps 

Table 97. — Pump Costs 


Type 

Drive 

Capacity, 
gal. per 
min. 

Head, 

ft. 

Cost 

range 

Centrifugal, single-stage 

Centrifugal, single-stage 

Centrifugal, two-stage 

Reciprocating, duplex 

Reciprocating, duplex, double- 
acting 

Motor 

Belt 

Motor 

Belt 

Steam 

Belt 

35 - 250 
10 -2,070 
50 -8,000 
30 - 450 

14 - 170 
2%- 220 
4-850 

10 

10-30 

25-480 

$ 25- 100 
25- 250 
225-1,000 
300-1,100 

100- 500 
90-1,000 
75- 800 

Reciprocating, triplex 

Rotary 






Table 98. — Capacities and Cost Range of Reciprocating Pumps 


Type 

Action 

Drive 

Use 

Capacities, 
gal. per 
min. 

Cost 

range, 

dollars 

Simplex 

Direct 

Steam 

General 

12 -360 

125-1,000 

Duplex 

Belt 

General 

30 -450 

300-1 , 100 

Duplex 

Direct 

Steam 

General 

14 -170 

100- 500 

Duplex 

Direct 

Steam 

Ix)w pressure 
High pressure 

35 -295 

130- 550 

Triplex 

Direct 

Steam 

2H-220 

90-1,000 



Variations of Costs Due to Different Materials of Construction. 

All-iron pumps are available, but parts such as shafts, linings, 
.valves, pistons, etc., are often supplied with parts of other 
materials. The following comparative costs of standard pumps 
are based on iron pumps with bronze parts as 1.0; all iron, 0.9; 
acid-resisting bronze, 1.5-1.75; aluminum bronze, 2.0; Monel 
(parts) 3.0; Monel, 5.0; stainless steel 3. 0-5.0; inconel, 5.0-7.0; 
hastelloy, 7.0-9.0; illium, 5. 0-7.0. 

11. Pumping and Piping 

% 

For comparing costs of pumping and piping in a given installa- 
tion, for various pipe sizes, the pressure head is taken as constant 
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and need not be considered; also the velocity head may be 
neglected, since in the comparison only the differences in total 
head are considered. Pipe costs per pound will vary, but a 
table for comparison of economic data on pipe lines can be pre- 
pared, similar to that of Funder (Table 101), which is based on a 
cost of $0.06 per pound for erected pipe. Erected-pipe costs 
will vary with the difficulty of the layout, with size and material, 
and, for underground pipe, with the terrain and composition of 
the soil. Figure 65 is an excellent chart for determining the cost 
of pumping of 1,000 gal. of water. 


Table 99. — Cost Estimates per Foot of Screw Pipe Lines 


Ske of line, inchefl 

2 

3 

4 

6 

8 

10 

Weight, pounds per foot 

3.75 

7.70 

11.00 

10.45 

29.35 

32.75 

Screw pipe (new) 

$0.1881 

$0.3266 

$0.4665 

$0.8338 

$1.3136 

$1.6579 

Paint at 75 cents per gallon 

Ditching, painting, laying, and back- 

i 0 0038 

0.0008 

0.0089 

0.0131 

0.0169 

0.0210 

filling 

Hauling and stringing 6 miles at 50 

0.12 

0.14 

0.17 

0.24 

0.30 

0.41 

cents per ton-mile 

0.0056 

0.0116 

0.0165 

0.0292 

0.0440 

0.0482 

Right of way and damages 

Engineering and superintendence, 3.3 

0.0454 

0.0454 

0.0454 

0 . 0454 

0.0454 

0.0454 

per cent 

0.0120 

0.0175 

0.0233 

0 . 0379 

0.0568 

0.0720 

10 per cent overhead 

0.0375 

0.0548 

0.0731 

0.1188 

0.1777 

0 . 2255 

Total cost, per foot 

0.41 

0.60 

0.80 

1.31 

1.95 

2.48 
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Overall Efficiency of Pump and'Moior 


Fio. 65. — Cost of pumping 1,000 gal. The chart shown above is useful in 
obtaining the cost of pumping 1,000 gal. of water against a specified total 
dynamic head with a given over-all efficiency of pump and motor (including 
transformer, board losses, etc.). The capacity of the pump does not enter 
into the calculation. For identical efficiencies and power rates the cost of 
pumping 1,000 gal. is the same regardless of the time to pump. {Courtesy 
of Economy Pumps ^ Inc., Hamilton, Ohio.) 


Table 100 — Price List on Labor on Pipe Bending, Cutting, Welding and Threading 

(Standard black or galvanized) 
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Fio. 66. — Total yearly costs of various pipe sizes, per 1,000 ft., at various 
flow rates, showing economical range for each size. [Funder, Chem. Met, Eng,, 
39 , 602 (1932).] 
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Table 101. — Economic Data on Pipe-line Costs^ 

(Basis: Erected pipe, $0.06 per pound, power at switchboard, $0.01 per 
kilowatt-hour; cost of one theoretical water horsepower, $0.02 per hour) 


Diameter of pipe, inches 

i 3 

6 

12 

CJost of 1,000 ft. of pipe 

$460 

$1,140 

$2,620 

Fixed charges, 15 per cent per year 

$ 68 

$ 170 

$ 390 

Economic flow, cu. ft. per sec 

0.1 

0.45 

2.2 

Velocity, ft. per sec 

2.0 

2.3 

2.8 

Friction loss, feet head per 1,000 ft 

8.0 

5.5 

3.0 

Yearly power costs 

$ 17 

$ 30 

$ 130 

Total yearly costs 

$ 85 

$ 200 

$ 520 

Total yearly cost for 1 cu. ft. per sec 

$850 

$ 444 

$ 236 


1 Funder, M., Chem . Met . Eng ., 39 , 602 (19.32). 


Funder {loc.cit.) has also drawn graphs showing the economic range for 
each size of pipe. These are given in Fig. 66. 

D. INSTALLATION COSTS 


Table 102. — C'ost of Ehection' 

(Cost of labor only in erecting machinery; based upon invoice cost) 



Percent 


Per cent 

Beaters 

Blowers 

25 

5-10 

Mills 

1. Ball, rod, pebble 

4-10 

Boilers 

40-50 

2. Roller 

15-20 

Classifiers 

3- 5 

t 3. Hammer 

20 

Compressors 

3- 7 

Motors 

6-20 

Conveyors 

Dryers 

20-25 

20-30 

Pumps 

1. Centrifugal 

8-16 

Elevators (bucket) 

25-40 

2. Duplex 

20 

Evaporators 

25 

3. Triplex 

6 

Feeders 

5-10 

4. Vacuum. 

3- 7 

Filters 

1. Filter presses 

25-30 

Roasters 

Rolls. 

12 

4-12 

2. Pressure leaf 

25 

Scales (platform) 

40 

3. Vacuum continuous., . . , 

25 

Screens 

5-16 

Flotation machines 

5- 8 

Tables 

10-12 

Gyratory crushers 

6-13 

Tanka (wood) 

H^*20 

Jaw crushers 

8-10 

Thickeners 

12-16 

Jigs 

12-16 

Vats (circular, redwood) . . . 

25-30 



Wagon unloadcr 

36 


» Taken from a variety of sourcoa. 
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Table 103. — Labor Erecting Medium-speed Motors' 



Cost of erecting motors 
($7 per day) 

Time for erecting motors 

Horse 




1 



power 



Floor 

Ceiling 


Floor 

Ceiling 

— 







Hr. 

Min. 

Hr. 

Min. 

1-3 

$ 3.50 

$ 7 

4 

0 

8 

0 

6 

5 

10 

5 

43 

11 

25 

7.5 

7 

11 

8 

0 

12 

34 

10 1 

8 

12 

9 

06 

13 

42 

15 

10 

15 

11 

25 

17 

08 

20 

12 

20 

13 

42 

22 

50 

25 

14 

25 1 

16 

0 

28 

33 

30 

18 

30 

20 

34 

34 

16 

40 

21 

45 

24 

00 

51 

23 

50 

24 

60 

27 

25 

68 

32 

75 

35 


40 

0 



100 

40 


45 

40 



125 

50 


57 

06 



150 

60 


08 

32 




Note. — Add extra labor for motor supports; also for hoisting above 
ground floor; add 50 per cent extra labor for slip-ring motors with simple 
starters. 

^ Values based on Kround-floor handling; motors handled without special equipment. 


E. POWER-COST DATA 


Table 104. — Horsepower to Oper.\te bxji ipment 


Whirlbeater, 100 cwt. corn per hour 60 

Attrition mill, 100 cwt. corn per hour 30 

Pebble mill, 1.75 tons feldspar per hour 88 

Ball mill, 26 tons limestone per hour 48 

Ball mill, 50 tons barytes per hour 125 

Pulverizer, 5.5 tons bituminous coal per hour 140 

Rotary driers, per ton moisture removed 1 

- Filter press, per square foot filter area 0.005 

Pressure leaf filter, per square foot filter area 0 . 020 

Vacuum continuous filter, per square foot filter area. 0.050 


Mechanical Handling Equipment Power Requirement Formulas 


Belt conveyors 


L(0.00009w;*F + 0.08ir) 4- B7/ 


1,000 

^ . 0.781FL -f WH 

Roller flight conveyors fOQO 
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Shoe flight conveyors 


0.933irL + WH 


0.68ir/. 


Screw conveyors 1“000 


1,000 

4- WH 


Bucket elevators 


1.511^// 

1,000 


Bucket pivoted carriers 


(0.28L 4- 1.08//)ir 4- 90B^ 

1,000 


where w 
V 
W 
L 
H 


=s width of belt. 

= speed in feet per minute. 

= load handled in torus per hour. 
= total length in feet. 

= rise in elevation in feet. 


Table 105, — C'ost of Electric Power 
(Based on reported costs of power in milling plants) 


Cost per 
hp.-ycar 

Cost per 
hp.-month 

Cost per 
kw.-hr. 

Conditions 

$150 

$12.50 

2 . 0 cts. 

Unfavorable 

120 

10.00 

1.6 

Unfavorable 

90 

7.50 

1.2 

Unfavorable 

76 

6.25 

1.0 

Average 

60 

6.00 

0.8 

Average 

45 

3.75 

0.6 

Favorable 

30 

2.50 

0.4 

Favorable 


Note. — These figures are for 360 twenty-four-hr. days per year, and an 
average motor efficiency of 85 to 88 per cent. 


Mantell, in Perry’s ^‘Chemical Engineers’ Handbook,” 2d ed., 
p. 2801, portrays a graph showing comparative costs of industrial 
fuels. 

F. OPERATING LABOR COSTS 

The cost of operation of equipment varies with the equipment. 
Some sorts of equipment recfuire more skill, operators of better 
technical training and more technical supervision than others. 
Engineering experience must be relied on to furnish most of- this 
information, but there are also available data on chemical 
engineering unit-operation equipment labor costs, such as for 
evaporators, filters, driers and grinding equipment. The number 
of men and the number of shifts must be considered as a whole. 
The actual number and type of operators, supervisors, repair 
men, etc., must be determined from the operation instructions 
for the plant. 
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Labor and Management. — When determining labor and 
management cost, local conditions will prevail, but some average 
must be obtained. A request to the local chamber of commerce 
will generally yield data on prevailing rates. Chemical engineer- 
ing plants do not employ many men in comparison with most 
industries. Data on labor and management costs oftentimes 
must be obtained from the engineer's experience. In general, 
industry in America can always expect higher labor costs. ^ 


Table 106. — Men Eqi ivalency 
Men per unit 



Men 


Men 

Whirlbeaters 

1 

Vacuum continuous filters 

H 

1 

Attrition mills 

1 

Evaporators 

Pebble mills 

1 

Belt conv'eyors 

K 

K 

H 

1 

Ball mills 

I 

Flight conveyors 

Unit pulverizers 


Screw (‘onvevors. . 

Filter presses 

2 

Buck(‘t elevators 

Pressure leaf filters 


Bucket carriers 

1 

Suction conveyors 

1 




G, MAINTENANCE AND SUPPLIES 

Table 107. — Annual Cost of Maintenance 

Per Cent^ 


Kettles, Monel metal (varnish) 7 

Kettles, copper (varnish) 50 

Filter presses (cloth, I month) 5 

Pressure leaf filters (cloth, 3 months) 4 

Vacuum continuous filters (cloth, 24 months) 4 

Evaporators 5 

Belt conv'eyors 4 

Flight conveyors 15 

Screw conveyors 15 

Bucket elevators 15 

Bucket carriers 15 

Suction conveyors 10 

Pipe lines 1 

Whirlbeatcrs 3 

Attrition mills 25 

Pebble mills 25 

Ball mills 20 

Unit pulverizers 10 

* Per cent of first cost. 

* Rising, F., Chem. Met. Eng., 45, 72 (1938). 
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H. GENERAL REPAIRS 


Table 108. — Cost of Equipment Repairs 



Per 

cent^ 


Per 

cent^ 

Whirlbeaters 

1 

Evaporators 

1 

Attrition mills 

1 

Belt conveyors 

1 

Pebble mills 

3 

Flight conveyors . 

5 

Ball mills 

1 

Screw conveyors 

5 

Unit pulverizers 

2 

Biickt^t elevators . 

5 

Filter presses 

3 

Bucket carriers 

5 

Pressure leaf filters 

1 

Suction conveyors 

5 

Vacuum continuous filters 

1 , 

1 Pipe lines 

1 

1 Cost per year, percentage of first c 

oat. 



L MANAGEMENT AND MARKETING 

Table 109. — Estimated Prodik^tion and Distribution (Costs' 
(Per cent of .selling price) 


Industry 

Pro- 

duction 

Distri- 

bution, 

including 

over- 

head 

1 

Profit 

Sidling 

expense 

Typical chemical product 

65 

14 

9 

12 

Chemical engineering equipment 

73 

8 

5 

14 

Food-products industry 

62 

9 

6 I 

24 

All industries 

61 

16 

10 ! 

13 


1 Based on Chem . Met . Eng .. 89, 4- .5 (19.32). 


Table 110. — Estimated Dlstribution of Factory Costs^ 
(Per cent of total factory cost) 


Product 

Raw 

mate- 

rials 

Labor 

Fuel, 

power 

and 

water 

Repairs 

and 

mainte- 

nance 

Depre- 

ciation 

Miscel- 

laneous 

Cotton cloth 

34.9 

38.5 

6.2 

3.6 

5.0 

11.8 

Mixed fertilizer 

63.4 

12.2 

6.0 

8.0 

8.0 

2.4 

Window glass 

23.7 

33.5 

12.8 

10.8 

13.2 

6.0 

Outside paint 

75.0 

10.0 

3.6 

5.0 

6.0 

1.4 

Rayon yarn 

26.4 

40.3 

13.0 

4.9 

8.0 

7.4 

Rubber tires 

49.1 

30.0 

6.9 

6.0 

6.0 

3.0 

Soap 

62.1 1 

8.5 

1.9 

7.5 

10.0 

10.0 

Sugar 

88.3 

6.1 

2.2 

3.1 

1.3 



* Baeed on Chem. Met, Eng., 99, 6~7 (1932). 
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1 Baaed on Ckem. Met. Eng., 39 , 2-3 (1932). 
♦ Credit of 14 per cent for nitre cake, 
t Credit of 04.3 per cent for chlorine. 
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Table 112. — Distribution of Selling, General and Administration 

Costs ^ 

(Based on costs of a large chemical company) 


Component 

Selling 
expenses, 
per cent 

General and 
adminis- 
trative costs, 
per cent 

Advertising 

9.5 


Brokerage and storage 

7.3 


Building and office operation .... 

7.4 

8.6 

Contributions and pensions 

.... 

14.8 

Freight equalization 

31.8 


Insurance and taxes 

1.4 

13.8 

Legal department 

.... 

3.2 

Trucking 

7.9 


Salaries 

34.7 

59.1 

Others 


0.6 


1 Chem . Mat , Eng ,, 39, 4-5 (1932). 

J. CAPITAL COSTS 

A single-process plant is a unity and can be treated as such in 
cost accounting; but generally in inultiproeess plants no single 
plant process could operate economically if it were to shoulder 
the"* entire burden of a steam power plant, a personnel such 
as timekeepers, clerks, watchmen, stores, general laborers, 
mechanics, control chemists, superintendent, general manager, 
office help, treasurer, secretary, president and like overhead. 
Nor is it reasonable not to expect other products to bear their 
proportionate share of an overhead expense, except in special 
cases, as when a product is newly developed, or when its dis- 
posal at a loss is necessary to avoid a nuisance. Consequently, 
proration of such expense is necessary, and the proper distribu- 
tion (which, however, is often inexact) becomes a problem for 
the accountant of the plant. The engineer should obtain the 
data for his estimates from the proper offices in this case. 

Rental, insurance and taxes are fixed charges that are also 
included in preconstruction cost accounting; rental data are 
easily available and the insurance and taxes can readily be 
estimated. Based upon 90 per cent of valuation of installed 
investment, the insurance item varies between 0.1 per cent on 
fireproof, sprinkler-protected buildings, to V/i per cent on 
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highly flammable buildings in which flammables are stored. 
Insurance provides industries with a factor of safety.^ Taxes 
vary with the community in which the plant is to be erected. 
Taxation basis is 60 per cent of the valuation. They may 
amount to as much as 2 per cent of the total capitalization of 
the plant. An item of social security insurance of 13^ per cent 
of the wages paid all employees earning less than $2,500 per year 
must be added to the fixed charges. 

Plant Investment. — In determining what amount of money 
will be required for a new plant, it is not sufficient to consider 
the outlay for buildings and equipment alone. In addition, 
money must be available to cover all costs of operation, raw 
materials and overhead expense, for a period generally taken as 
one year. This latter quantity is known as the working capital. 
Since money for working capital is generally tied up as tightly 
as the actual investment, it is usually considered as part of the 
investment. 

Interest on Investment. — Interest on the investment, at 
6 per cent, is sometimes considered an element of operating 
cost. However, it cannot be so charged for income tax purposes, 
nor is it generally considered as operating expense by accountants. 
Although the ([uestion is debatable, it appears that the best 
opinion permits the use of interest on investment as a cost only 
when comparing the returns from two different investments, as, 
for example, two different processes for making the same or 
different products. 


K. DEPRECIATION 

Depreciation is the unavoidable loss in value of plant, equip- 
ment and materials with lapse in time, caused by: 

A. Chcmicjil action or corrosion. 

B. Physical action. 

1. Decay. 

2. Decrepitude. 

3. Abrasion. 

4. Normal wear. 

5. Deferred maintenance or repair. 

C. Inadequacy. 

D. Obsolescence. 


1 Straiton, R. C., Chem, Met Eng,, 46, 74 (1938). 
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Various methods of calculating depreciation have been pro- 
posed, among them (1) the straight-line method/ (2) per- 
centage on diminishing value, and (3) the sinking-fund method. 
For a chemical plant as a whole, a figure of 5 per cent is often 
considered as fair. 


Table 113. — Probable Depreciation Rates for Chemical Process 

P]quipment 

Source: tJ. S. Bureau of Internal Revenue 


Depre- 

ciation 

Rate, 


Per Cent 

Acids : 

Acetic : 

Blow cases, cast iron and 

copper 3333 

Columns, fractionating. . . 123^^ 
Condensers: 

Copper 10 

Duriron 7 

Lead 16?3 

Motors 7 

Pipes: 

Aluminum 3333 

Glass 20 

Acid: 

Copper 10 

Rubber 1232 

Water 10 

Pots 6 

Pumps, vacuum 14 

Receivers, acid (stone- 
ware) 7 

Scrubbers (stoneware) ... 7 

Receivers, acid, for prod- 
uct (stoneware) 5 

Stills: 

Cast iron 8 

Refining, copper 7 

Refining, heating coil . . 
Tankq, storage: 

Steel 8 

Wood 4 


Depre- 

ciation 

Rate, 


Per Cent 

Muriatic: 

Air lifts (hard rubber) ... 10 

Cars, tanks 10 

Coolers 10 

Klevators, bucket 10 

Exhausters (rubber lined) 12^2 

Flues (earthenware) 10 

Furnaces, Mannheim. . . . 12^2 
Furnaces, pot and muffle. 10 

Furnaces, retort 12*2 

Grinders and coolers, salt 

cake 83 i 

Motors 7 

Pipes : 

.\cid (hard rubber) .... 14 

Chemical ware 50 

Oil 5 

Water 25 

Pots, condensing (earth- 
enware) 14 

Pumps and blowcases: 

Chemical ware lined . . . 3333 
Rubber-lined blowcase. 20 
Storage tanks (wooden, 

rubber lined) 7 

Tanks, sulfuric-acid stor- 
age (steel) 5 

Tourills (silica) 10 

Towers, absorbing 10 

Nitric: 

Blowers (stoneware) 20 


‘Tyler, Chaplin, ^‘Chemical Engineering Economics,^* 2d cd., p. 206, 
McGraw-Hill Book Company, Inc., New York, 1938. 
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Table 113. — Probable Depreciation Rates for Chemical PROCEsa 
Equipment. — {Continued) 


Depre- 

ciation 

Rate, 


Per Cent 

Blow cases (earthenware) 50 
Condensers (Duriron).. . . 83^3 

C'onde users, S bend 

(stoneware) 40 

I'devators and conveyors 

(screw) 10 

Flues, gas (Duriron) 12)^ 

Pans, niter cake (steel) ... 7 

Pipes and fittings (earth- 
enware duriron, lead). . 50 
Pumps, sulfuric (iron), 

centrifugal 20 

Receivers (stonewarot) . ... 20 
Retorts, 24-hr. service ... 40 

Tanks (steel) 10 

Towers, condensing 11 

Sulfuric (chamber): 

Air lifts, acid 10 

Blowers, gas (lead) 6 

Blowcases 10 

Chambers 0 

Coolers, acid (lead coil), 

for salt water 10 

Fans (cast iron) 10 

Pipes (lead) 10 

Pots, niter 5 

Pumps, acid 20 

Tanks (steel), acid stor- 
age, average weak and 

strong acid 5 

Tanks, tower, acid dis- 
tributing 123^ 

Towers, Gay Lussac 5 

Towers, Glover 5 

Sulfuric (contact) : 

Air lifts 7 

Blowcases (cast iron and 

steel) 20 

Blowers: 

Connersville 14 

Sturtevant 6 


Depre- 
ciation 
Rate, 
Per Cent 


Burners: 

Brimstone 10 

Glens Falls 10 

Herreshoff 6 % 

Wedge, salt-water 

cooled 6% 

Wylde 7 

Coke boxes 6 

Combustion chambers, 

brimstone 10 

Ck>mpressors, air 6?^ 

Contact mass, including 

plates and supports 6 

Converters 7 

Conveyors and elevators . 10 
Coolers: 

Drying acid 10 

Gas 7 

Gas, tower 10 

Product 16?^ 

Dust chambers (brick) ... 7 

Filters, preliminary 9 

Flues (iron) 7H 

Gages, meters, pyro- 
meters 7 

Heaters, prehminary 7 

Melters, brimstone 10 

Motors 6 

Pipes, acid 10 

Platinum, in catalyst .... 2 

Pumps, acid (iron) 14 

Pumps, acid (lead) 123^ 

Separators 7 

Sublimers, brimstone .... 10 
Tanks : 

Roasted ore storage 

(steel) 5 

Storage (lead) 5 

Storage (steel) 6 

Tank cars (steel) 8 

Towers : 

Absorbing 11 
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Table 113. — Probable Depreciation Rates for Chemical Process 


Equipment.- 

Depre- 

ciation 

Rate, 


Per Cent 

Cooler, cold scrub 8V3 

Dry 10 

Oleum 10 

Scrub 10 

Transferrers 11 

Pulp and Paper and Paper Board 

Absorbing system, milk of lime 10 

Barkers: drum 10 

Hand 6^3 

Beaters 5 

Bins, storage, chip 3^3 

Bleachers 6^3 

Burners, sulfur, acid plant .... 81 3 

Calenders 41^ 

Chippers 5 

Conveyors ; inside 6? 3 

Outside 8I3 

Cookers 5 

Coolers 10 

Cutters 5 

Cylinder machines, for paper 

and paper board 5 

Deckers 5 

Diffusers 4 

Digester linings 14 

Digesters: 

Indirect 4J^ 

Rotary 5 

Vertical, stationary 4 

Drainers 3}^ 

Evaporators: 

Disk 6 

Multiple effect 4 

Fourdrinier machines 5 

Furnaces, rotary 6 

Grinders 5 

Jordans 

Knottcrs 6% 

KoUergangs 5 

Linings (wool) for blow pits. , . 12 
Melters, sulfur 12}4 


{Continued) 

Depre- 

ciation 

Rate, 


Per Cent 

Pans: 


Causticizing 

. . bH 

Wash 

. . 4 

Pits, blow: 


Concrete 

.. 3H 

Steel tank 

. . 5 

Platers 


Pumps: 


Acid 

. . 20 

Centrifugal 

. • 623 

Plunger, duplex or triplex 

.. 5,4^ 

Pressure 

• • 

V'acuurn 

. . 

Reels 

• • 

Rifflers: 


Concrete 

. . 

Wood 

.. 54 

Save-alls 

. . 5 

SiTcens: 


Silver 

. . 8 

Rotarv 

.. 623 

Shredders 

8 ):i 

Slaslu'rs 

. . 1 

Smelters, sulfate process. . . 

. . 14 

Stackers, pulpwood 

. . 7 

Tanks: 


Causticizing 

. . 5 

Ijcaching 

. . 4Ji 

Mixing (wood) 

.. 

Mixing (wood) for clay . . 

. . 5 

Storage, acid 

.. 8>3 

Storage or washing (con- 

Crete) 

. . 

Storage or washing (wood) 6i?3 

Thickeners 

. . 5 

Towers, absorbing system . . 

0/3 

Washers, bleach or paper stock 5 

Wet machines 

. . 54 


Rubber Goods 

Autoclaves 10 

Boards, stock (wood) 25 
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Table 113. — Probable Depreciation Rates for Chemical Process 


Equipment. 



Depre- 


ciation 


Rate, 


Per Cent 

Calenders 

. . . . 5.V^ 

C'onvevors 

. . . . QH 

C’overing machines 

■ ■■■ 7 H 

Crackers, ruliber 

• . ■ . 6“3 

D(*vulcanizers, reclaimed 

rub- 

ber 

. . . . 

Dipping machines 

. . . . 10 

Disintegrators 

. . . . 6^3 

Drums 

. ... 8'3 

Drvers 

. . . . 7 

Dusting machines, including 

chalking 

. . . . 62^ 

Furnaces 

. . . . H 

(irinders, pigment 

.... 6?^ 

Mills, mixing or warming: 


Heavy duty 

. . . . 6 

Light duty 

. . . . 6^3 

Mixers: 


Large 

0 



Small 

. ... 023 

Ovens 

. . . . b 

Pr<'s.ses, cold 

.... 5 

Pulv’^eriz(‘rs 

023 

R(*eling machines 

.... 

liefiiuTs, roll type 

. . . . 7 

Bolling machines 

....* 023 

Sealing machines 

. . . . 7 

Separators 

. . . . 7 

Sheet ers 

. . . . 023 

Sifters 

. . . . 7 

Strainers 

.... 8^ 

Varnishing machines 

.... G2;i 

Vulcaniz('rs 

. . . 023 

Washers 

.... C23 

Winding machines 

.... C2<i 

Wrapping machines 

. . . . 8 

(dement, Ceramics, Glass, 

, Gypsum, 


and Limo and liiniostonc 

Agitators 6^3 

Augers 7 

Baggers 6 ?^ 


(Continued) 

Depre- 

ciation 

Rate, 


Per Cent 

Beaters, tub 6% 

Blowers 6% 

B1 lingers SH 

Bottle machines 10 

Brickmaking machines 8 

Burners 6?^ 

CalciiH'rs, continuous 6% 

Cars : 

Batch 8 

Dryer or kiln 

Mine: 

Steel 10 

•Wood 20 

Transfer 10 

Casting and rolling tables .... 8 

Charging machines 10 

C/ont rollers, temperature, auto- 
matic 10 

Conveyors 6'*^^ 

Coolers 7 } 2 

Crashers 6 2^ 

Cutoff machines 7 

Cutting machines 7 

Chitting machines, rock lath. . 5 

Disintegrators 12} 2 

Drag lines: 

Heavy 5 

Light 10 

Medium 6^3 

DrytTs 9 

Dryers, rotary 623 

Duster machines, bag 623 

Dust collectors 5 

Elevators : 

Bucket 6 % 

Screw 5}4 

Feeders 8 

Filter presses 

Furnaces 623 

Furnaces, pot 8 

Grinders 6?i3 

Hydrators 6^ 
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Table 113. — Probable Depreciation Rates for Chemical Process 
P]quipment. — {Continued) 

Depre- 
ciation 


Rate, 
Per Cent 


Jigs 10 

Kettles 

Kilns 

Lehrs G^a 

Loading machines 10 

Mills 62^ 

Mixers 7 

Molds 20 

Molds, hydraulic 8^3 

Mud machines 8 

Ovens, flattening 8 

Packers 10 

Pallets and trays 12 

Pans, dry G2.3 

Plungers 10 

Polishers 8 

Presses 5 

Pulverizers 6^3 

Pumps 6? 3 

Pumps, clay 10 

Reels 5 

Riddles, gyratory 10 

Scales: 

Platform 5 

Portable G?3 

Screens 10 

Separators: 

Air 10 

Magnetic 7 

Shovels, electric or steam G?^ 


Depre- 

ciation 

Rate, 


Per Cent 

Sieves 123^ 

Sifters, revolving 10 

Tables, drawing, grinding, or 

polishing 8 

Tanks 5 

Oil and Gas Refining 

Agitators 63 4 

Carbon black plants 8 

Condensers G?a 

Exchangers, heat 6^3 

Filtering plants 5 

Gasoline plants, natural gas. . 8 

Pipes, interunit lines, small 

diameter 6*2 3 

Pumps 6? a 

Stills: 

Cracking 12*2 

Fire 6? 3 

Steam 6^3 

Tube or pipe 83^ 

Vacuum 6? 3 

Tanks: 

Compounding 5 

Stof age 5 

Treating 634 

Towers, scrubbing 6^3 

Traps, gas and water 83^^ 

Wax plants 5 


Although it is difficult to estimate service life and depreciation 
of equipment, engineers must make conservative estimates for 
large groups of items, and blanket estimation based upon judg- 
ment and experience is often as correct for large groups as 
carefully compiled rates. Kurtz^ has presented an excellent 
treatise on the subject of depreciation and has given rather 

^ Kurtz, Edwin B., ^‘Life Expectancy of Physical Property,” The Ronald 
Press Company, New York, 1930. 
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exhaustive data which can be used as a basis for engineering 
estimates on service life of most types of physical property. 

D(^preciation rates on factory buildings vary between 2 per 
cent for most types of masonry of slow-burning characteristics, 
to 3 per (;ent for masonry with frame interior, and 4 to 5 per 
cent for frame buildings. A classification of depreciation rates 
for chemical buildings and equipment is given in Table 113. 

Time Unit. — The time unit is taken as a 300-day working 
year, with four G-hr., three 8-hr., two 12-hr., one 10-hr. shift per 
day, or whatever the case demands. 

Annual Costs. — The yearly costs are summarized by including 
(1) annual operating costs, (2) management and distribution 
expense, and (3) fixed charges. This figure then is the basis 
for determining the earnings of the company. 

Gross Income. — On the bavsis of sales price, capacity and daily 
production, the gross income for 300 days, or the working year, 
is calculated. 

Net Income,— The net income is determined by deducting the 
annual costs from the gross income. 

Table 114, — Sample Pkecoxstruction Costs for Ferrous Sulfate 

IIecovery Plant 


Raw Materials Costs 

Ferrous sulfate liquor (waste) $ 0.00 

Scrap iron, 1,000 lb. per day at $0,005 per pound 5.00 

Water, 73, (XK) gal. per day at $0.05 per 1,000 gal 3.65 

Steam, 83,000 lb. per day at $0,40 per 1,000 lb 33.20 

Electricity (power), 250 kw,-hr. per day at $0.02 per kilowatt- 

hour 5.00 

(light), 30 kw.-hr. per day at $0.04 per kilowatt-hour 1 . 20 

Total raw materials eo.sts per day $ 48.05 

Total raw materials co.sts per 300 days $14,415.00 

Tiami and Building Costs 

Land, 1 acre at $500 per acre $ 500 

Building, erected 17,500 

Railroad siding 5,000 

Excavation and foundations 1,737 

Electric wiring and fixtures, installed 180 

Office furniture 300 

Runway, carpentry 312 

Total $25 , 539 
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Table 114. — Sample Preconstruction Costs for Ferrous Sulfate 
Recovery Plant. — {Continued) 

Equipment Costs (Installed) 

Reservoir and neutralizing tanks $ 9,500 

Filters and accessories 1 , 008 

Evaporators and accessories 12,327 

Crystallizers and accessories 4 , G86 

Centrifugals and accessories 3,000 

Dryer and accessories 4 , 435 

Elevators, complete 659 

Conveyors 181 

Storage bin 1 , 430 

Chemical lines and fittings 1 ,099 

Steam lines and fittings 1 ,526 

Water lines and fittings 521 

Sewer layout and mother-liquor return 470 

Power shafting and accessories 1 ,242 

Motor and accessories 2,076 

Freight 750 

Total S44 ,905 

Cost of Labor and Supervision 

Salary 
per Day 

1 plant manager at $3,000 per year $ 10.00 

6 operators at $1,800 per year 36.00 

1 clerk 2.40 

1 helper at $0.40 per hour 2.40 

Total labor costs per day $ 50.80 

Total labor costs per year $15, 240 . 00 

Fixed (’barges 

Taxes at 2 per cent $1,761 

Insurance at 3^ per cent 352 

Depreciation at 5 per cent 3 , 522 

Social security insurance at per cent 184 

Total $5,819 

Working Capital 

Raw materials costs $ 14,415 

Labor and supervision 15, 240 

Fixed charges 5,819 

Incidentals, attorney's fees, etc 2,5(X) 

Total $37,974 
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Table 114. — Sample Preconstruction Costs for F'errous Sulfate 
Recovery Plant. — {Continued) 


Capital Investment 


Land and building costs $ 25,539 

Equipment costs 44,905 

Working capital 37 , 974 

Total $108,418 


Cross Income 


Annual production of FeS 04 . 7 Il 20 6,630 tons 

Annual value of product at $14 per ton $ 92,820 


Annual Costs 

Annual operating costs: 

Raw materials costs $14,415 

Labor and supervision 15,240 

Maintenance, 2 per c(‘nt 1,410 

Fixed charges, management and distribution, 25 per cent on gross 

income 23,205 

Total $54,270 


Net Income 


Annual value of product $92,820 

Annual costs 54,270 

Net income $37,550 


Suggested Collateral Reading 

A. Full Costs and Fixed Charges 

At.f'ord, L. P. : ^‘C/<)st and Production Handbook,’’ The Ronald Press Com- 
pany, New York, 1934. 

llAirJE, 11. L. : Sprayed Metal Reduces Maintenance Cost, Chein. Met. Eng.^ 
46, 190 (1938). 

Barber, II. L.: Industrial Budg(‘t Methods, Factory Management and Main- 
tenance, 8 , 371, 479, 589 (1924). 

Bass, L. W., and E. R. Mease: Material Balances Reduce Costs, Chem. 
Met. Eng., 46, 426 (1938). 

Basset, W. R.: How an Investment Banker Looks at Chemical Industry, 
Chem.. Met. Eng., 36, 14 (1929). 

Bowers, E. L., and H. Rowntree: “Economics for Engineers,” 2d ed., 
McGraw-Hill Book Company, Inc., New York, 1941. 

Brown, T. F. : Economy in Warehouse Design, Chem. Met. Eng., 46, 416 
(1939). 

Building Maintenance, Plant Operation Library, Factory Management and 
Maintenance, 93, 17 (1935). 

Bureau of the Census: Digest of State Laws Relating to Taxes and 
Revenue, U.S. Department of Commerce. 

Carey, W. F., and 11. A. Waring: Economic Use of Steam in Chemical 
Works, Trans. Inst. Chem. Engrs. {London), 12, 158 (1934). 
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Churchill, V. L.: There is an Economic Right Price for Every Product, 
Factory Management and Maintenance^ 92, 350 (1934). 

Comer, G, P.: Cost Accounting and Factory Efhcicncy, Chem. Met. Eng.^ 
27, 417 (1922). 

Curtis, H. A., A. M. Miller, and J. N. Jenkins: T. V. A. Estimates 
Favorable Costs for Concentrated Superphosphate, Cheyn. Met. Eng.y 
43, 583 (1936). 

Decreasing New Investment Outlay Through Modernization by Install- 
ments, Chem. Met. Eng.y 44, 487 (1937). 

Dolch, M.: Calculation of Net C'osts in Chemical Plants, Chem.-Ztg.y 44, 
926, 953 (1920). 

Dutton, H. P.: Quality Control, Plant Operation Library, Factory Manage- 
ment and Maintenance y 93, 93-108 (1935). 

: Inventory Control, Plant Operation Library, Factory Management 

and Maintenance, 94, 77-92 (1936). 

Edwards, W. L. : Equipment Life Extended, Chem. Met. Eng., 46, 361 (1939). 

Facts and Figures, Chem. Met. Eng., 44, 521-584 (1937). 

Facts and Figures of American Chemical Industry, Chem. Afet. Eng., 46, 539- 
604 (1939). 

Fiske, W. P. : Amortization, Depreciation, Obsolescamce and Replacement, 
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: Economic Considerations Govern E(piipinent Replacement, Chem. 

Met. Eng.y 41, 69 (1934). 
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CHAPTER XIII 

LOCATING THE CHEMICAL PLANT 


The best location for a chemical plant depends upon a number 
of factors, but the logical place is where the cost of production 
and distribution will be at a minimum, or where the aggregate 



Tig. 67. — Influencing factors to bo considered in the analysis of an industrial- 
plant location. [Warner, J. L., Trans. Am. Inst. Chem. Eng., 32 , 143 (1936).] 


cost of raw materials, transportation of materials to the plant, 
manufacturing, selling, and transportation of finished products 
to the market will be at a minimum. Location of a chemical 

m 
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industry is determined by a careful analysis of all factors. The 
major factors are;i 

1. Raw materials. 4. Labor, 

2. Market. 5. Plant requirements. 

3. Transportation. 6. Power. 

A wheel on plant location showing graphically the interrelation of 
all major and minor factors has been presented by Warner^ in 
Fig. 67. After the relative importance of each of these factors 
has been diligently studied with due regard to present conditions 
and future developments, a conclusion will be reached which will 
confine the industry under consideration to a limited area, or 
perhaps to several such limited areas. The problem now resolves 
itself into choosing a plant or site in one of these areas. It is 
the solution of this problem which is particularly difficult for 
the manufacturer, owing to the fact that there are so many 
s])e(ual conditions characteristic of the industry which have to 
be taken into consideration. A number of minor factors now 
must be diligently studied so that in the final analysis the most 
economical location will be selected. 

The minor factors influencing selection of a plant site may be 
classified as follows: 


7. Land. 

8. Ordinances: nuisance, zoning. 

9. Public improvements. 

10. Utilities. 

11. Flood protection. 

12. Police facilities. 

13. Fire protection. 

14. Traffic congestion. 

15. Room for expansion. 


16. Tax rates. 

17. Building costs. 

18. Soil structure. 

19. Topography. 

20. Economic relation to other 

industries. 

21. Waste disposal. 

22. Climatic conditions. 

23. Living conditions. 


The nature of the enterprise determines the relative importance 
of the different factors. There must be a combination of all, 
and the ideal combination is rarely, if ever, attained. The 
successful corporation is continually correlating and uniting these 
factors; oftentimes conditions arise which warrant the subordina- 
tion of one or more factors. 


i Hartford, F. D., Chem. Met. Eng., 88, 72 (1931). 

* Warner, J. L., Tram, Am, Imt, Chem, Engra.y 82 , 143 (1936). 
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The classical principle of plant location as stated by Holmes^ 
was to determine that location which, in consideration of all 
factors affecting delivered-to-customers cost of the product to bo 
manufactured, would afford the greatest advantage to be obtained 
by virtue of location. This principle states that the best location 
is that in which the sum of the cost of raw materials, all transpor- 
tation charges and all manufacturing expenses for the product, 
delivered to the customer, will be at a minimum. In considering 
location from this standpoint, the problem may be studied from 
the angle of general area and then from the more specific stand- 
point of the definite region and actual site. 

Three general classifications- of factors arc encountered in the 
solution of any location problem. First are those factors relating 
directly to production, including labor, raw materials, power, 
fuel and water supply. The second class comprises those factors 
affecting distribution, including transportation facilities and 
rates, location of markets, and location of competitive industries. 
The third group affects both production and distribution, but 
also includes climate and legislative factors. 

Kconomtc Factors of Plant Location 
Factors of Production 

1. Raw materials or semifinished products: quality, reserve, proximity to 
'plant; competitive sources. 

2. Labor: supply and cost in kind, nationality, quantity, diversity, intelli- 
gence, wage scales, efficiency. 

3. Water: sources, mineral analysis, bacterial content, turbidity, quantity, 
seasonal temperatures, costs. 

4. Power: hydroelectric, public service, alternate sources. 

5. Fuel: kinds, thermal efficiency, reserve, alternate sources. 

Factors of Distribution 

1. Transportation facilities: railroads, steamship lines, barge lines, terminals, 
wharves. 

2. Freight rates: competitive points, differentials, favorable territory. 

3. Markets: local area, favorable area, competitive area, national area. 

4. Competitive, feeder, and consumer industries. 

Production and Distribution Factors 

1. Climate: seasonal range, precipitation, humidity, wind, etc. 

2. Taxes and corporation fees. 

3. Municipal restrictions: nuisance laws relating to fumes, waste disposal, 
etc. 

^ Holmes, W. G., “Plant Location,** McGraw-Hill Book Company, Inc., 
New York, 1930. 

* Perry, J. H., and C. W. Cuno, Chem. Met. Eng., 41, 439 (1934). 
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1. RsiW Materials. — Probably the location of the raw materials 
of an industry contributes more toward the choice of a plant site 
than any other factor. This is especially noticeable in those 
industries in which the raw material is inexpensive and bulky 
and is made more compact and obtains a high bulk value during 
the process of manufacture. The steel mills are located" near 
the iron mines or at some intermediate point between the iron 
and the coal mines. The flour mills in the Middle West are near 
the wheat fields, and the cotton mills in the heart of the cotton- 
growing section. The meat-packing industry in the United 
States is close to the great western fields upon which the herds 
are raised, and at the head of a transportation system feeding an 
extensive market. 

The salt, gypsum, sodium sulphate, soda ash, carbonates, 
borax, natural nitrate and many other industries that take their 
raw materials from saline residues are all, by necessity, located 
directly at the source of supply. The location in West Virginia 
of a company for the manufacture of synthetic ammonia was 
for the purpose of being near the coal fields that supply the 
necessary raw materials. 

Physical distance is not the only controlling factor in the source 
of raw materials, but purchase price and buying expense, reserve 
stock and reliability of supply are also determinants. 

2. Market for Finished Product. — The question of market 
probably assumes greater importance for the intermediate and 
smaller industries, since such groups generally wash to deal 
directly with the market and dispense with the services of a 
middleman in disposing of the product. The concentration of 
industries in the larger cities is evidence of this fact. 

The location of warehouses is largely a question of market. 
Large tonnages of steel are shipped by barge or lake boat to 
warehouses at the end of the water route, for final distribution 
of the material by rail. Grain is loaded direct from elevators 
at the head of the lakes and shipped to Buffalo where it is 
unloaded from boats to elevators for redistribution. Water 
shipments are economical where rail handling at the loading and 
delivery points can be kept down to a minimum, and where the 
water haul is long enough to accumulate a saving as compared 
to all-rail freight. 

The large oil refineries are located along the seacoast or near 
large cities where a market exists for the finished products. 
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Table 115 . — Chemical Raw Material Sources — Present and 

Potential^ 


Metals* 

Arsenic Mont., Utah, Idaho. 

Antimony. . . Idaho, Calif., Nev., 
Wash., A riz.y* 
Ark.,* Ore.* 

Bauxite Ark., Ala., Ga., Tenn.* 

Miss.* 

Bismuth.... Calif., N. J., Utah, 
Idaho. 

Chromium... Calif., Ore., Mont., 
Wash., Wyo . ,* 
Md.,* Penna.* 

Copper Ariz., Utah, Mont., 

Mich., Nev., N. M., 
Colo., Wash. 

Iron ore Minn., Ala., Mich., 

Pa., Wis., Wyo.j 
N. J. 

Lead Mo., Idaho, Utah, 

Okla., Ariz., Kans., 
Colo. 

Manganese. . Mont., Tenn., Ga., 
Ark., Minn., N. M., 
Va.,* Wash.* 

Mercury.... Calif., Ore., Tex., 
Nev., Ark., Ariz., 
Idaho,* Ifas/i.* 

Molybdenum C'olo., Utah, Ariz., 
N. M., Wash.,* 
Wis., Nev.* 


N ickel Conn .,* Pa.,* Calif. * 

Pyrites Tenn., Va., N. Y., 

Calif., Kans., III., 
Mo., Ind.,* Colo.* 

Silver Idaho, Utah, Colo., 

Ariz., Calif., Mont., 
Nev. 

Titanium.. . . Va., Ark., Calif.* 
Tungsten.... Nev., Calif., Colo., 
Wash., Idaho, 
Mont.,* Ariz.* 


Vanadium... Colo., Ariz., Utah. 

Zinc Okla., N. J., Kans., 

Idaho, Mont., N. 
M., Utah, N. Y. 

Nonmetals* 


Asbestos. . . . Vt., Ariz., Md., Mont., 
N. C., S. C., Ga.,* 
Va.* 

Asphalt Ky., Ala., Tex., Okla., 

Utah, N. M., Calif., 
Kans. * 

Barite Mo., Ga., Calif., 

Tenn., Ariz., Ala., 
Colo., Mont.,* Tex.* 

Bentonite... Wyo., S. D., Tex., 
Calif., Ariz., N. A/., 
Okla.,* Utah.* 

Borates Calif., Nev. 

Bromine.... N. C., Mich., Calif., 
W. Va., Tex.* 

Calcium- Mich., W. Va., Ohio. 


magnesium 

chloride. 

Ball clay.... Ky., Tenn., Mo., N. 

J., Calif., III. 

Fireclay.... Pa., Ohio, Mo., Ky., 
III., Calif., N. J., 
Colo. 

Fuller’s earth Ga., Fla., Tex., Calif., 
Colo., III., Nev., 
Tenn. 

China clay. . Ga., S. C., Pa., N. C., 
Calif., Mo., Va., 
Ala. 

Miscellaneous Calif., Colo., Pa., 
clays. Ohio, la.. Wash., 

Nebr. Ind., 

Anthracite Pa. 
coal. 


^ States are listed in order of importance of value of goods produced. States in roman 
type are principal producers, those in italics are producers of less importance. 

> From U.8. Bureau of Mines, 1939. 

♦ Potential producers. 



LOCATING THE CHEMICAL PLANT 


371 


Table 115. — Chemical Raw Material Sources — Present and 


Potential.!- 


Bituminous 

W. Va., Pa., 111., Ky., 

coal. 

Ohio, Ind., Ala., 
Va., Wyo. 

Lignite 

N. D., Tex., Mont., 
S. D. 

Peat 

N. Y., N. J., Mich., 
Calif., Conn., Fla., 
la. 

Feldspar .... 

S. D., Tenn., Colo., 
N. C., N. H., Ariz., 
Va., N. J. 

Fluorspar. . . 

111., Ky., N. M., Nev., 
Colo., N. H. 

Graphite. . . . 

Nev., N. Y., Ga. 

Gypsum .... 

N. Y., Mich., la., 
Tex., Calif., Nev., 
Okla., Utah. 

Helium 

Tex., Kans.,* Colo.* 

Iodine 

Calif., La.* 

Limestone 

Mich., Ohio, Pa., N. 

and dolo- 

Y., III., Ohio, Ky., 

mite. 

Mo., Tmn. 

Lithium 

S. D., Calif., N. C.* 

Magnesite . . . 

Wash., Calif., Vt.,* 
Tex.,* Ohio.* 

Mg salts .... 

Mich., Nev., Calif., 
Wash. 

Natural gas. 

Tex., Calif., La., 


K A . , Vy it 1 1 1 . , XJU, . y 

Ok\sL.,Kans.j N.M.y 
W. Va.y Pa, 


Petroleum Tex., Calif., Okla., 


(crude). La., III., Kans., N. 
M.y Pa., Wyo. 

Phosphate Fla., Tenn., Mont., 
rock. Idaho, Va.* 

Pota.sh salts. N. M., Calif., Utah. 

Salt Mich., N. Y., La., 

Ohio, Kans., Calif., 
W. Va., Tex. 


{Continued) 

Sand (glass). N. J., N. Y., Mich., 
III., Ohio, Pa., Va. 

Sodium car- Calif., Ore.,* Wyo.* 
bonate. 

Sulfur Tex., La., Calif.,* 

Utah.* 

Talc N. Y., Vt., N. C., 

Calif., Ga., Pa., Va. 

Vermiculite. . Wyo., Mont., N. C., 
Colo.* 

Agricultural Products^ 

Corn la.. 111., Ind., Minn., 

Ohio, Nebr., Mo., 
Wis. 

Cottonseed . . Tex., Miss., Ark., Ala., 
Ga., La., S. C., 
Okla. 

Flaxseed.... Minn., N. D., Calif., 
S. D., Kans., Mont. 

Milk (by- Wis., Minn., N. Y., 
products). la., III., Pa., Tex., 
M ich. 

Oat hulls. . . . la., Minn., 111., Wis., 
Nebr., S. D., Mo., 
Mich. 

Pulpwood... Wash., Maine, Wis., 
La., N. Y., Va. 

Soybean. . . . 111., Ind., la., Ohio, 
N. C., Mo. 

Sugar beets.. Calif., Colo., Idaho, 
Nebr., Mich.^ Mont. 

Sugar cane . . La., Fla., Miss., Ga., 
Tex., Ark. 

Tung oil..,. Miss., Fla., La., Ga., 
Tex., Ala. 

Yellow pine. Ga., Fla., Miss., S. C., 
N. C.. La. 


1 States are listed in order of importance of value of goods produced. States in roman 
type are principal producers, those in italics are producers of leas importance. 

* From U.S. Department of Agriculture, 1938. 

* Potential producers. 
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Crude oil is easily pumped by pipe lines or shipped from the oil 
wells in the interior; cheap rates are thus secured for a crude, 
low-priced commodity, consumed in large quantities, while the 
finished products are made in the center of the market in order 
to lower the distribution cost. 

3. Transportation. — The existence of transportation facilities 
has given rise to many of the greatest trade centers of the world. 
The character of a business will, however, determine the type 
of transportation used. The relation of railway to market is so 
close that no pains should be spared in making a careful investi- 
gation of freight rates before definitely deciding upon a plant 
location. A location should be chosen, if possible, which has 
several competing railroads and waterways in order that the 
competition will help to maintain low rates and give better 
service. The widespread use of motor triicking facilities, follow- 
ing the comparatively recent development of good interconnect- 
ing roadways, has supplemented and in some cases even 
supplanted the railroads. The formation of organizations which 
will pick up and deliver odd lots of freight has been a great help 
to isolated factories in the smaller towns. 

As a general rule it may be stated that the ideal location would 
be one in which the heavy raw materials and fuel are brought 
in by canal or other waterways, and the finished material taken 
away by one or more lines of railway. Industries that are 
national in scope find an advantage in locations where the 
transportation of a low-priced, bulky raw material is feasible, 
rather than where a high-priced material of small bulk must be 
transported. This is, however, only another example of the 
result of a profitable balance between raw material, transporta- 
tion and market. 

The location of the large sugar refineries along the seacoast is 
dictated by the fact that the raw, unrefined sugar is received by 
boats from the sugar-producing countries of the south. It 
would seem that economical factors would force the refining 
to be done at the place where the sugar is produced. However, 
the refineries are not in the countries that produce the raw sugar, 
but exist owing to peculiarities of process and in order to circum- 
vent import duties that are placed on the refined product. 
The present methods of sugar refining dictate that the plant 
should be located close to an unlimited supply of pure water and 
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cheap fuel. Ultimately, refinements in process may permit the 
granulated sugar to be made directly on the plantation, thus 
giving the raw-sugar producer an opportunity to operate his 
plant the year round instead of only during the harvesting 
season. 

The freight rate probably plays a greater part in the success 
of chemical plants than in any other industry. The raw material 
is obtained from certain sections of the country, in some cases 
very much isolated, and the price is regulated largely by the cost 
of transportation to consumers. 

The rapid rise in freight rates during the past 10 years has been 
a strong contributing factor in causing many of the larger and 
older plants, located in cities, to seek new locations. Often- 
times, a location is selected outside the city limits in order to 
have a railroad siding available, and thus eliminate trucking 
costs to freight yards from the excessive cost of transportation. 

4. Labor Sources. — Before locating an industry in any par- 
ticular locality, a careful study of the class and supply of available 
labor must be made. It is also necessary to ckeck up on labor 
rates and restrictions in regard to the number of hours per week 
for both male and female labor, etc. Factors to be considered 
on labor are supply, kind, nationality, diversity, intelligence, 
wage scales, efficiency and costs. 

The siu^cess of many an organization is dependent upon the 
means by which its laborers get to and from their work. Laborers 
sometimes live at great distances from the work. A cheap site 
may have been chosen but no attention given to the housing 
facilities. The workmen arrive tired at the start of a day^s 
work and must travel a great distance at its close. Thus what 
may have appeared to be a cheap location develops into a very 
expensive one on account of the extraordinary labor turnover. 
Such examples are familiar. 

Industrial housing, safety-first movements, welfare institu- 
tions, better sanitation, lunchrooms, etc., have all contributed 
to the solution of labor problems; the radio and automobile, 
also, have helped toward building up and maintaining a supply 
of satisfied and contented laborers. 

Labor surveys reveal the discrepancy in wage rates throughout 
the country and the industries. The equalizing of rates in each 
industry was attempted in the codification of industries in the 
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United States under the National Recovery Act of 1935. Data 
on rates in each industry can be obtained from labor boards in 
each region. 

6. Water. — Manufacture of many chemical products — heavy 
acids, paper, leather and beet sugar, for example—requires quan- 
tities of water for cooling or washing that only a river or a lake 
can supply. Filtered water for such purposes usually is not 
necessary. The primary requisite is dependability- — the neces- 
sary quantity of water at any and all times. If not too large 
quantities of water are required, a site should be chosen where a 
deep well or perhaps an artesian well may be drilled at a reason- 
able cost, if one of these is not already on the property. In 
investigating this problem considerable help may be obtained by 
consulting the state geological survey, which can furnish valuable 
information regarding subterranean waters in every district. 
An inspection of the wells in the vicinity will give a good indica- 
tion of the depth necessary to drill on the site under consideration. 
The quantity of water taken from the neighboring wells may 
affect the amount of water available. The quality of the water 
in neighboring wells will give a good indication of the water that 
can be expected. This latter consideration is particularly impor- 
tant where process water is required. 

Quality of water, such as mineral constituents, and tempera- 
ture of the water must be considered. Wood pulp and paper, 
and the gelatin industry, together with all plants operating 
boilers, require a relatively pure water. Where water is to be 
used for cooling and condensing purposes, the temperature is an 
important item for consideration. 

Dissolved impurities in raw water for cooling and washing 
usually are of little consequence, but this is not true of materials 
carried mechanically. At certain seasons, river waters may be 
heavily charged with silt or sand, which wear pumps excessively 
or clog piping, nozzles and tanks; or they may carry large quan- 
tities of floating trash or ice, almost certain to cause trouble at 
the intake. Another aspect of water supply from rivers is the 
possibility of floods on the one hand, and the chance of extremely 
low water on the other. 

A city water supply is an easy, if not an economical, solution 
to a water-supply problem. The quality of the water is easy to 
ascertain; it is extremely important to ascertain the size and 
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condition of the supply mains, the normal and reserve supply, 
and the pressure conditions. 

6. Power. — The question of power supply is taking an increas- 
ingly important place in the selection of factory locations. The 
manufacturer has the choice of a situation at the source of raw 
materials, at the coal mines, or at the water front. In pulp and 
paper, Portland cement and glass and clay products, the source 
of fuel and power is of equal importance to the previously 
mentioned factors. In the electrochemical industry, this is 
dominant, but in others the source of fuel and power is not so 
important a location factor. Niagara Falls is the outstanding 
example of a location where power is a prime consideration. 
This region has become the center of the electrochemical industry 
of the United States, where such important materials as alumi- 
num, caustic soda and chlorine are manufactured. Some of the 
largest generating and distributing companies in the country, 
however, have recently been developed in the south and offer 
power rates which compare favorably with the northern locations. 
Kanawha River Valley, W. Va., and the region under Tennessee 
Valley Authority are growing rapidly as industrial centers owing 
to proximity to the coal mines in the one case, and cheap hydro- 
electric power in the other. 

7. Land. — In choosing a site the characteristics of the ground 
should be carefully investigated to ascertain whether it is virgin 
or filled-in land. Borings should be made to determine whether 
piling is required and, if so, to what extent. Piling adds con- 
siderably to the foundation cost of a building and such land, 
even though purchased cheaply, may prove to be very expensive. 

8. Ordinances. — Chemical plants are not usually looked upon 
as desirable neighbors. They may be regarded as a source of 
danger from possible explosion, or, because of fumes, as a detri- 
ment to the health of the community and to its vegetation. 
The result of propaganda against the chemical industry has been 
that many communities have passed ordinances against chemical 
manufacturing or certain classes of chemical manufacturing. 
It is advisable to ascertain whether the attitude of the com- 
munity is particularly unfriendly to chemical manufacturing; 
if this is the case, it is good policy to go elsewhere even though no 
restricting ordinances arc in effect at the time. Such information 
can usually be obtained from the local chamber of commerce 
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or board of trade, or by making inquiries at other plants in the 
locality. 

Most large cities and many of the smaller towns are zoned, t.c., 
divided into residential, business and unrestricted districts. A 
distinction is often made between so-called light manufacturing 
and heavy manufacturing. Chemical plants generally must 
locate in heavy or unrestricted zones. Zoning regulations must, 
therefore, be carefully investigated. Where such regulations 
are in force, a map is usually published outlining the various 
zones. As the boundaries of these zones are subject to small 
changes at frequent intervals, care must be taken to ascertain 
that the zoning map has been corrected to date. An unrestricted 
zone may even be slowly changing in character on account of the 
encroachment of residences, parks of other civic developments. 

If the industry for which a location is to be chosen is in any 
way hazardous, or is likely to be a nuisance owing to the possi- 
ble escape of fumes or objectionable odors, a site should be 
selected which is at a considerable distance from houses and 
pubUc institutions. This is a precaution that is frequently over- 
looked, which if not heeded may cause endless trouble and expense. 

If there are other plants in the immediate neighborhood of a 
site under consideration, it is advisable to find out what products 
these plants arc manufacturing and by what methods. For 
example an adjoining plant manufacturing a highly flammable 
product would affect the insurance rate if its buildings were 
sufficiently close. The neighboring plant may also give out dust 
or fumes which may affect the product to be manufactured. 

9. Public Improvements. — The introduction of public improve- 
ments, such as park extensions and boulevard exteuvsions, and the 
conversion of swamps and unsightly public dumps, etc., into 
industrial areas, should be attended by a proper attitude of mind 
on the part of public officials, so that unnecessary and destructive 
limitations will not be placed upon such areas, nor the tax burden 
become prohibitive. Such improvements, on the other hand, 
add considerably to the upbuilding of the morale and welfare 
of the employees, 

10. Utilities. — ^The availability of public-utility gas and elec- 
tricity is almost always an asset to any plant, as these services 
can usually be purchased at a cost lower than that of operating 
private units in the plant, Even when gas or electricity are 
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made in the plant, an outside source is of considerable value for 
emergency purposes. 

Fire apparatus provided in the average American city is for 
the most part adequate. So far as the location of the chemical 
plant is concerned, the important desideratum is that the fire 
apparatus be but a few minutes distant. If deep snow, con- 
gested traffic, bridge washouts or stalled freight trains can prevent 
firemen from reaching a factory quickly, then a site subject to 
such conditions should be avoided. Often it is necessary to 
establish and maintain a company fire station and man it with 
volunteers or with full-time firemen. 

In cities without a definite industrial district, the plant may 
become engulfed in a residential or a business area. A relatively 
permanent obstruction such as a railroad yard, a swamp or a river 
will divert future community growth. 

11. Economic Relation to Other Industries. — As a rule, a 
chemical plant will have a better chance of success if located near 
others of like nature. A group of plants can obtain favorable 
rail rates, better service from utilities and plentiful supply of 
labor. Better banking and technical service are thus available, 
since familiarity with the needs of the industry results in segrega- 
tion of knowledge and the establishment of sound credit relation- 
ships. Utilization of wastes from related plants or similarity of 
disposal offers unusual opportunities for economies. 

12. Waste Disposal. — Disposal of waste licpiors and waste 
products is frequently a problem for the chemical plant and, 
therefore, must be given serious consideration in choosing a site. 
If there is a sewer in the street adjoining the property, the quan- 
tity of liquor to be disposed of should be estimated and the size 
of street sewer checked to determine whether it can take care of 
the liquor. If the waste liquor is acid or alkaline, contains solids 
or has other objectionable features, it is advisable to learn from 
the local authorities whether the disposal of such liquor in the 
sewerage is permissible. 

Chemical plants often dispose of their waste by locating on a 
stream, river or at tidewater. Disposal by tidewater is often 
satisfactory if there are no bathing beaches near by. Disposal 
of waste into a stream or river is not so satisfactory, for there is 
a growing tendency in various parts of the country to legislate 
against such pollution by industrial wastes. 
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Another method of waste disposal is by seepage through the 
ground. If such a method is to be used, soil tests should be 
made to determine whether the soil is porous enough to permit 
the disposal of considerable quantities of liquor without accumu- 
lation. It is also advisable to check the topography of the area 
to determine where the liquor will seep in order to avoid trouble 
from neighboring plants or the local authorities. Towns lower 
down the valley may draw their water supply from the drainage 
shed upon which the plant is situated. 


Table 116. — Typical Factors Determining Plant Location^ 
(As employed in locating a mill for the International Nickel Co.) 


Factor 

Relative 

weight, 

units 

Other considerations 

Labor 

260 

Skilled or common; supply; rates; 
strikes 

Fuels (for metallurgical 
power generation) 

330 

Cost and quality; oil; producer gas; 
natural gas; coal; coke 

Power 

100 

Public service electric supply; costs; 
service 

Living conditions 

100 

Housing; cost of living; sanitation and 
health 

Climate 

50 

Minimum, maximum and average 
temperatures; average snowfall; aver- 
age rainfall 

Supplies 

60 

Sources and costs; matte; refractories; 
rolls, castings and mill spares; sheet; 
bars; charcoal; electrodes; lubricating 
oils; general stores 

Transportation (rail- 

roads and water) 

60 

Distribution of products; domestic and 
export shipping; Monel and nickel 
shot; pig, sheet, wire, rod; forgings 

Water supply 

10 

Service costs; quality 

Taxes and laws 

20 

State; local ordinances 

Selection of site 

10 

Railroad connections; character of 
ground for building and equipment 
foundations; drainage and flood con- 
ditions; accessibility for labor; grad- 
ing and facilities for slag disposal; 
provision for expansion of works 

Construction costs 

20 

Labor; materials; supplies 


1 McBbids, R. S., Chem. Met. Bng., 746 (1923). 
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13. Climatic Conditions. — Chemical plants as a general rule 
are rather difficult to insulate, or to provide with artificial heat 
or conditioned air, except in the individual process units where 
air conditioning is essential. Usually the workmen are forced 
to ^‘grin and bear it’^ to the detriment of production costs and 
yields. Excessive cold, deep snows, torrid heat and excessive 
humidity reduce the productivity on the part of the workmen. 
Other factors being approximately equal, the plant locator 
should weigh carefully the climatic values of various sites, so that 
few hindrances to economical operation may obtain. 

Factors in Selection of Area. — The broad characteristics of the 
principal regional state groupings, New England, Middle 
Atlantic, South Atlantic, East South Central, East North 
Central, West North Central, Mountain and Pacific areas are 
given by the editorial staff in the May, 1941, issue of Chemical 
& Metallurgical Engineering. 

One of the most extensive bibliographies of plant location 
information assembled is the compilation of source material by 
Perry and Cuno, which was published on pages 439-442 of the 
August, 1934, issue of Chemical & Metallurgical Engineering. 
This bibliography has been brought up to date on pages 121-122 
of the May, 1941, issue of the same magazine. 

QUANTITATIVE ANALYSIS OF LOCATION FACTORS 

McBride has shown by a tabulation reproduced in Table 116 
that each of the above factors may be given some relative rating, 
the value of each depending upon its importance or its dominance 
in the case at point. Setting up such a table for a particular 
industry, and rating selected localities according to such ratings, 
is a scientific method of selecting a plant location. 

If it is at all possible to do so the choosing of a site which seems 
to hold promise should be based upon comparisons with similar 
figures for other locations. By a process of trial and error, and 
the introduction of some judgment, a final answer may thus be 
reached. 

A compilation of data on certain factors involved in choice of 
plant location, essential to a quantitative analysis of location 
factors as compiled by the editorial staff of Chemical & MetaU 
lurgical Engineering ^ is given in Table 117. 
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Water supply* 

Average p.p.m. 
expressed as CaCOt 

Aver- 
age 
for all 
water 

T-t r-t 1 -H .-4 CO 94 

Ground 

water 

191 

*35 

*47 

24 

117 

128 

208 

333 

361 

345 

303 

247 

290 

347 

276 

262 

478 

150 

401 

85 

21 

Sur- 

face 

water 

ift lo i-t CO oi 00 r>-c 5 oo O co co r- ooco 

o6 .-H <o C4 C4 S SS §5 e5 22 w»o 

Industrialisation 

As percentage of United 
States total 

Proc- 

ess 

indus- 

tries* 

100.00 

4.91 
1.12 
0.19 
0 10 
2.76 
0.20 
0.54 

19.46 

8.93 

8.81 

10.72 

28.27 
10.31 
5.03 
6.83 
3 97 
2.13 

3.67 

0.86 

0.34 

1.16 

0.04 

1.27 

7 38 
0 20 
1.09 

Value 

added 

by 

manu- 

fac- 

turer^ 

100 00 

9 84 
0 62 
0.43 
0.21 
4.82 
0 96 
2.80 

29.83 

13.56 

6.18 

10.09 

31.47 

8.60 

3.93 

8.91 

7.25 
2.78 

5.52 

1.26 
0.99 
2.38 
0.05 
0.08 
0.28 
0.48 

9.06 
0 22 
1.72 

ll 

100.00 

11.26 

0.75 

0.58 

0.23 

5.50 

1.16 

3.04 

29.58 

12.80 

5.74 

11.04 

32.46 

7.94 

3.80 

8.25 

8.70 

2.77 

4.72 
1.07 
0.81 
2.10 
0.03 
0.07 
0.23 
0.41 

9 08 
0 24 

1.72 

Wage 

earn- 

ers^ 

100.00 

12.09 

0.96 

0.71 

0.28 

5.83 

1.35 

2.96 

28.52 

12.14 

5.50 

10.88 

27.85 

7.59 

3.52 

7.56 

6.63 

2.55 

4 85 
1.01 
0.83 
2.26 
0.04 
0.07 
0.24 
0.40 

12 51 
0 26 
1.80 

>ortation 

Motor trucks 

Trucks 

per 

square 

mile 

stated 

C- l-CC9<»«»fl»OeO 000094 eCOiOiOOO OOC'ltO 

C<5'90009ICSH'. *-i»0<OOW«e*3QOC'l 9-0)00 

—I '9*-i9i^c«3aico t-coc-Ieo ec-^e<5W»*-«e4 »-n«ii-i9ioc>0*-« 


4,320,829 

270,499 

43.000 
25,400 

9,576 

106,624 

20,526 

66,273 

717,699 

315.818 

132.819 
269,062 

775,497 

184,223 

126,000 

232,888 

90,796 

141,590 

585,392 

118,227 

93,139 

142,200 

34,544 

30,282 

67.000 
100,000 

489,270 

13,500 

58.027 

Transr 

Railroads 

MUes 

per 

square 

mile 

state* 

M <o o t>- e «5 — lOo o ^ ec w" — < ® Me<4«o 

oo — t^<NOcoi'-co Mt— C'i»c 

O — COM — . -4 (M « —I — • O O © r-l ©—.^ 

d ooooood odoo ddodod dododddd odd 

Mile- 
age op- 
erated^ 

247,073 

6,964 

1,985 

1,080 

977 

1,857 

180 

885 

22,171 

8,195 

2,431 

11,545 

43,794 

8,977 

7,124 

13,231 

7,500 

6,962 

50,782 

9,013 

9,483 

7,766 

5,270 

4,139 

6,193 

8,918 

25,421 

298 

1,441 

Electric power 
Installed pub- 
lic utility 
generator 
capacity* 

Steam 

power, 

1,000 

kw. 

28,526 

2,170 

70 

71 
11 

1,189 

235 

584 

8,076 

4,315 

1,119 

2,641 

8,508 

2,409 

1,231 

2,547 

1,616 

704 

2,412 

497 

507 

607 

82 

53 

224 

442 

2,863 

38 

405 

Water 
power , 
1,000 
kw. 

11,556 

877 

216 

236 

167 

164 

3 

90 

1,568 

1,166 

7 

395 

709 

13 

35 

52 

344 

267 

539 

157 
127 

158 
0 

4 
86 

7 

2,137 

0 

271 

Population* 

Per- 

centage 

urban, 

1940* 

• •• «•••••••*»* 

m lo © CO w <o oo oooo«o>o *coo>-i©r^io cooot>-oo©©»^© ooeoeo 

d ©Qt^w<d«-ii'^ dci—id wpddeodeo '#dM»-idwid»-i odcsid 
«o c- lO eo oo © © r-cooo© ©©©r-©© © m M eo -Vi co©© 

Per- 

centage 

change, 

1930- 

1940 

eoM©^©©-*" ©i-t©© eo©oo©©© c- © t-- co M ©«o ©oo© 

c- eo©©0’-Hco© ©eo©coQO© 

1 MM 

Total. 

1940 

131,669,275 

8,437,290 
847,226 
491 .524 
359,231 
4,316,721 
713,346 
1.709,242 

27,539,487 

13,479.142 

4,160,165 

9,900,180 

26,626.342 

6,907,612 

3,427,796 

7,897,241 

5,256,106 

3,137,587 

13,516,990 

2,792,300 

2,538,268 

3,784.664 

641,935 

642,961 

1,315,834 

1.801,028 

17,823,151 

266.505 

1,821,344 

I 

1 

1 

1 

United States 

New Inland 

Mitina 

New Hampshire 

Vermont 

Massachusetts 

Rhode Idand 

Connecticut 

Middle Atlantic 

New York 

New Jersey 

Pennsylvania 

East North Central 

CRiio 

Indiana 

Rlindg 

Michigan 

Wisconsin 

West North Central 

Minnesota 

Iowa 

Missouri 

North Dakota 

Srath Dakota 

Nebraska 

VitnaM 

South Atlaatie 

Delaware 

Maryland 
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* Fro??ifl! Dec. 3i, 1939. Figures for New Hampshire, Ohio, Illinois, Michigan, Iowa, Delaware, Montanu, and California include a relar 

^ SsMUs^^nufoctS^ 1939. • Census of Manufactures. 1937. Process industry percentages calculated on basis of value of product. 

* U .8. Geological Survey, Water Supply Paper No 658. 

* Denotes an increase in percentage of urban population, 1930-1940. 
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Table I. — Metric Equivalents 


Weights (English to Metric) 


1 grain 

1 ounce, Troy 

1 ounce, avoirdupois 

1 pound, avoirdupois 

1 net ton, 2,000 pounds. . 
1 gross ton, 2,240 pounds 


l-r)4th of an inch. . T. 

1 inch 

1 foot 

1 yard 

1 statute mile 

1 nautical mile 

1 Gunter’s chain .... 
1 fathom 


64.79892 mg. 

31.10348 g. 

28.34953 g. 

0.45359 kg. 

0.90718 tonne 

1.01605 tonnes 

Linear Measure 

0.39688 mm. 

2 . 54001 cm. 

0.304801 m. 

0.914402 m. 

1.60935 km. 

1.85325 km. 

20.1168 m. 

1 829 m. 


Square Measure 


1 square inch . 
1 square foot. 
1 square yard 

1 acre 

1 square mile. 


6.45163 sq. cm, 
0.09290 sq.m. 
0.83613 sq. m. 

0 . 40470 hectare 
2.59000 sq. km. 


Cubic Measure 


1 cubic inch. 
1 cubic inch. 
1 cubic foot. 
1 cubic yard 


16.38716 c.c. 
0.01639 cu.dm. 
0.02832 cu. m. 
0 . 76456 cu. m. 


Capacity Measure 


1 liquid quart 0 . 94636 1. 

1 U. S. gallon, 231 cubic inches 3.78543 1. 

1 U. S. gallon, 231 cubic inches 0.00379 cu. m. 

1 bushel 0.35239 hectoliter 

1 fluid drachm 3.69671 c.c. 

1 fluid ounce 29. 57370 c.c. 


387 
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Table I. — Metric Equivalents. — {Continued) 
Miscellaneous 


1 pound per lineal foot 1 .48816 

1 pound per square inch 0.07031 

1 pound per square foot 4.88241 

1 pound per cubic foot 16.01837 

1 foot-pound 0.13826 

1 U. S. horsepower. .1 1 .01387 


Weights (Metric to English) 


1 milligram 
1 gram .... 
1 gram .... 
1 kilogram. 
1 tonne .... 
1 tonne 


0.01543 
0.03215 
0.03527 
2.20462 
1 . 10231 
0.98421 


Linear Measure 


kg. per lin. m. 
kg. per sq. m. 
kg. per sq. m. “ 
kg. per cu. m. 
kg.-m. 
metric hp. 

grain 
oz., Troy 
oz., avoirdupois 
lb., avoird\ipois 
net tons, 2,000 lb. 
gross ton, 2,240 lb. 


1 millimeter 2.51968* 64ths in- 

1 centimeter 0.39370 in. 

1 meter 3.280833 ft. 

1 meter 1 093611 yards 

1 kilometer 0.62137 statute mile 

1 kilometer 0.53959 nautical mile 


Square Measure 


1 square centimeter 0.15500 

1 square meter 10.76387 

1 square meter 1 . 19599 

1 hectare 2.47104 

1 square kilometer 0.38610 

Cubic Measure 

1 cubic centimeter 0.06102 

1 cubic decimeter 61.02338 

1 cubic meter 35.31445 

1 cubic meter 1 .30794 

Capacity Measure 

1 liter 1.05668 

1 liter 0.26417 

1 cubic meter 264.17047 

1 hectoliter 2.83774 

1 cubic centimeter 0.27051 

1 cubic centimeter 0.03381 

Miscellaneoui 

1 kilogram per lineal meter 0.67197 

1 kilogram per square centimeter 14.22340 

1 kilogram per square meter 0 . 20482 

1 kilogram per cubic meter 0.06243 

1 kilogram-meter 7.23300 

1 metric horsepower 0.98632 


sq. in. 
sq. ft. 
sq. yards 
acres 
sq. mile 

cu. in. 
cu. in. 
cu. ft. 
cu. yards 

fl. qt. 

gal., 231 cu. in. 
gal., 231 cu. in. 
bu. 

fl. drachm 
fl. oz. 

lb. per lin. ft. 
lb. per sq. in. 
lb. per sq. ft. 
lb. per cu. ft. 
ft.-lb. 

U. S. hp. 
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Table II. — Some Miscellaneous Weights and Measures 


Long Measure 


Fathom (nautical) 

Light year 

Link (surveyors) . , 
Chain (engineers) . 
Chain (surveyors). 
Furlong (British). 

Hand 

Point (printers).. . 
Pole (British) .... 
Rod (surveyors) . . 

Span 

Toise (French) . . . 


6 ft. 

5.9 X 10^* miles 
0.66 ft. 

100.0 ft. 

66.0 ft. 

220 yd 
4. in. 

5.5 yd. 

25 links 
10.94 in. 

6 Paris ft. 


Square Measure 

Acre 4,840 sq. yd. 

Perch (British) 30.25 sq. yd. 

Weij^it 

Carat 

Hundredweight (British) 

Hundredweight (U. S.) 

Ounce (avoir) 

Ounce (fine) 

Stone (British) 

Ton (long) 

Cubic Measure 


Barrel (wine) 42 gal. 

Barrel 7056 cu. in. 

Bushel (U. S.) 1.244 cu. ft. 

Bushel (British Imp.) 1.284 cu. ft. 

Gallon (U. S.) 231 cu. in. 

Gallon (Imperial) 277.3 cu. in. 

Dram 3.697 ml. 

Minim (fl.) Hso ft.-oz. 


200 mg. 
112 lb. 
100 lb. 
437.5 g. 
480.0 g. 
14 lb. 
2240 lb. 


Lumber Measure 


Board foot 1 ft. X 1 ft. X 1 in. 

Cord 128 cu. ft. 


Power and Speed 

Cheval (French) 0.986 hp. 

Horsepower 33,000 ft. lb. per min. 

746 watts. 

Knot (nautical) 6080.22 ft. per hr. 

Miner’s inch 1.2 cu. ft. per min. 



Table III. — Interconversion Table for Units of Volume and Weight^ 
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In converting from volume to weight, the specific gravity must also be used in the multiplier. 
* Compiled by E. I. du Pont de Nemours 4 Co. 



Table IV. — Interconversion Table for Units of Energy^ 
1 Multiply by 
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Table V. — Temperature Cona^brsion Tables {Albert Sauveur). — {Continued) 
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Table VI. — Chemical Engineers' Table of Equivalents 

Chemical Equivalent. — The atomic weight divided by the valence. 

Heat Capacity. — Specific heat is the number of B.t.u.'s required to raise 
1 lb. of material 1°F. The molal heat capacity is the product of the specific 
heat and the molecular weight. Kopp's law: molal heat capacity of solid 
compounds is the sum of the atomic heat capacities of the constituent atoms. 
The atomic heat capacities may be taken as follows: C = 1.8; H = 2.3; 
B = 2.7; Si = 3.8; O = 4.0; P == 5.4; F = 5.4; all others = 6.2. Example: 
that of CaCOa = 6.2 + 1.8 + 3 X 4 = 20.0 B.t.u. per °F. Law of Dulong 
and Petit: atomic heat capacity of solid elementary substances = 6.2; 
exceptions — C, B, P, and Si as above. 

Heat of Vaporization. — B.t.u. required to vaporize 1 lb. of a substance. 
Molal heat of vaporization = heat of vaporization multiplied by the molecu- 
lar weight. The molal heats of vaporization of similar liquids are approxi- 
mately equal. 

Humidity. — Absolute humidity is the pounds of water per pound of 
bone-dry air. 

Mass Velocity. — v - up 

Moisture Per Cent. — 


Dry basis = 
Wet basis = 


wt. of water X 1 00 
wt . of bone-dry material 
wt. of water X 100 
bone-dry wt. + v/t. of water 


UNITS 

Electrical. — (For d. c. only) E = RI. Power in watts = PR. Energy 
in watt-hours = EIT when T is time in hours. 96,640 ampere-seconds = 1 
faraday, which will theoretically deposit or liberate one chemical equivalent 
at an electrode. 

Energy, Work, Heat. — 1 B.t.u. = 252 cal. = 778 ft.-lb. = 0.293 watt- 
hour. 1 P.c.u. = 1.8 B.t.u. = 454 cal. 1 hp.hr. = 746 watt-hours == 
2,646 B.t.u. = 1,980,000 ft.-lbs. 1 Cal. per gram, gram atom, or gram 
mol = 1 P.c.u. per lb., lb. atom, or lb. mol = 1.8 B.t.u. per lb., lb. atom, 
or lb. mol. 

Hydrometers. — 

Liquids lighter than water: 

140 

Degrees Baum6 = . —130. 

sp. gr. 

Gravity A.P.I. = - 131.6. 

sp. gr. 

Linear. — 1 in. = 26.4 mm. = 2.64 cm. 

Mas8.-M = ^2 

Mol. — Molecular weight of a substance expressed in units of weight. 

Power. — Rate of doing work: 1 hp. = 746 watts = 33,000 ft.-lb. per 
minute = 42.4 B.t.u. per minute. 


Liquids heavier than water; 

146 

Degrees Baum6 = 146 — ; 


sp. gr. 


Degrees Twaddell = 


sp. gr. - 1 
0.006 



APPENDIX A 


395 


Pressure. — 1 atmosphere = 29.92 in. of mercury = 760 mm. of mer- 
cury = 14.7 lb. per sq. in. = 33.9 ft. of water = 1,033 g. per sq. cm. 

Temperature.— 1°C. or K. (Kelvin) = 1.8°F. or R. (Rankine) = 0.8°. 
R6 (Reaumur). Freezing point of water = 0°C. = 273°K. = 32°F. = 
460 + 32 or 492°R. = 0°R6. 0°F. = 460°R. 

Viscosity. — 100 ccntipoises = 1 poise = 1 g. per sec.-cm. = 0.0672 lb. 

per sec. -ft. Kinematic viscosity = -• 

P 

Volume. — 1 cu. ft. = 7.48 gal. 1 gal. = 231 cu. in. = 3,785 c.c. 

Weight. — 1 lb. = 453.6 grams = 7,000 grains avoirdupois. 


GENERAL INFORMATION 
Centrifugal Force. — F = 0.000341 WRN’^ lb. 

Combustion. — These major combustion reactions are all reversible: 


C -h O 2 = CO 2 + 97,000 cal. 

CO 2 + C = 2CO - 39,000 cal. 

2C +02= 2CO + 58,000 cal. 

2CO +02= 2 CO 2 + 136,000 cal. 

2 112 +02 = 2 H 2 O + 136,000 cal. 

H 2 O + C = CO + H 2 - 39,300 cal. 
2 H 2 O + C = CO 2 + 2 H 2 - 39,600 cal. 
CO + H 2 O = CO 2 + H 2 ~ 300 cal. 


The equilibrium of the gases above the bed of a gas producer is 0.096L = 
(^CO)^\^Oy ^ depth of active fuel bed and volumes of gases are in 

terms of 100 volumes of dry gas. 

Evaporation. — The pounds of water evaporated in evaporators per pound 
of steam is approximately 0.85n, where n is the number of effects. 

Flow of Fluids. — Venturi meter; \/ {u 2 y — (wi)^ = 0.98\/2grAH 
With a sharp-edged orifice use 0.61 instead of 0.98. 

Pitot tube; u = 

Flow of Heat. — By conduction Q/@ = UATA 

1 


The over-all coefficient U = 


Li I D2 
KiAi K2A2 


+ 




+ etc. 


When heat flows through a fluid film substitute l/h for L/K as /i is the 
film coefficient. The value of h for low pressure condensing steam is often 
taken as 2,000. The equation for water flowing in turbulent motion in 
horizontal pipes is: 

0.00486(1 +0.0100((y»») 


Gas Laws. — Volume per cent = mol per cent = pressure per cent. A 
pound mol of any gas occupies 359 cu. ft. at 32°F. and 1 atmosphere (S.C.). 

Vi 

The apparent molecular weight of air may be taken as 29. 
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Table VII. — Over-all Coefficients of Heat Transfer 


Hot 

medium 

Cool medium 

u 

Typical device 


Liquid heating 

20 

60 

350 

Liquid heat ex- 






changers 

Liquid 

Gas or air heating 

1 

5 

12 

Hot- water radiators. 

cooling 

Liquid boiling 

10 

20 

100 

Air-cooled pipe coils 
Tank with hot-water 






coil evaporators 


Liquid heating 

1 

4 

^10 

Economizers and air 






coolers 

Gas 

Gas or vapor heat- 

1 

1 

4 

10 

Steam superheaters 

cooling 

ing 

Liquid boiling 

1 

4 

10 

Steam boilers, refriger- 






ation coils (direct ex- 
pansion) 


Liquid heating 

10 

200 

1,000 

Steam condensers. 

Vapor con- 
densing 





Feed water heaters 

Gas heating 

1 

4 

10 

Steam radiators and 
pipe coils 


Liquid boiling 

50 

500 

1,000 

Evaporators 
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Table VIII. — Properties of Water and Saturated Steam 


Temper- 

ature, 

degrees 

Fahrenheit 


32 

36 

40 

45 

50 

56 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

no 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

206 

210 

212 

215 

220 

225 

230 

235 

240 

245 


Temper- 

ature, 

degrees 

Centigrade 


0.00 

1.67 

4.44 

7.22 

10.00 

12.78 

15.56 

18.33 
21.11 

23 . 89 

26.67 

29.44 

32.22 

35.00 

37.78 

40 . 5() 

43.44 

46.11 

48.89 

51.67 

54.44 

57.22 

60.00 

62.78 

65 . 56 

68.33 

71.11 

73.89 

76 . 67 

79.44 

82.22 
85 . 00 

87.78 

90 . 56 

93.33 

96.11 

98.89 
100.00 
101.67 
104.44 

107.22 
110.00 

112.22 
115.56 
118.33 


Absolute 
pressure, 
pounds per 
square inch‘ 


0.0887 
0 . 1000 
0.1217 
0.1475 
0.1780 

0.2140 
0.2561 
0 . 3054 
0.3628 
0.4295 

0 . 5067 
0 . 5960 
0 . 6980 
0.8149 
0.9487 

1 . 1009 
1.274 
1.470 
1 . 692 
1 .941 

2.221 
2 . 536 
2.887 
3 . 280 

3.716 

4.201 
4.739 
5 . 334 
5 . 990 

6.716 

7.510 
8 . 382 
9 . 336 
10 . 385 
11.525 

12.771 
14.123 
14 . 696 
15.594 
17.188 

18.91 

20.78 

22.80 

24.97 

27.31 


Latent heat 
of evapora- 
tion, B.t.u. 
per poi;nd^ 


1,073.4 

1.071.8 

1 .069.1 

1.066.3 

1.063.6 

1.060.9 

1 .058.2 

1.055.4 

1 .052.7 

1.050.0 

1.047.3 

1.044.6 

1.041.8 

1.039.1 

1.036.3 

1 .033.5 

1.030.8 

1 .027.9 

1.025.1 

1 . 022.2 

1 .019.4 

1 .016.5 

1.013.6 

1 . 010.6 

1.007.7 

1.004.7 

1 . 001.8 

998.8 

995 . 8 

992.8 

989.8 

986 . 8 

983.8 

980.8 

977.7 

974.6 

971.5 

970.2 

968.2 

965.1 

961.8 

958.6 

955.2 
952.0 

948.6 


Specific 
volume, 
cubic feet 
per pounds 


3,301 

2,946 

2,445 

2,037.2 

1.704.8 

1.431.8 
1,208.0 
1,022.7 

869.0 
740.9 

633.8 

543.8 

468.5 

404.9 

350.8 

305 . 0 

265.8 
232.3 

203.6 

178.9 

157.64 

139.17 

123.22 

109.31 

97.23 

86.66 

77.40 

69.28 
62.14 

55.82 

50.28 

45.36 
41.01 
37.12 
33.67 

30.59 

27 . 83 
26.82 

25.37 

23.16 

21.17 
19.388 
17.779 
16.324 
15.011 


Density of 
liquid water, 
pounds per 
cubic foot 


62.42 

62.43 
62.43 
62.42 
62.42 

62.40 

62 . 37 
62.34 
62.30 
62.26 

62.22 

62.17 

62.11 

62.06 

62.00 

61 .93 
61.86 

61.79 
61.71 
61.63 

61.55 

61.46 

61.38 
61.29 
61.20 

61.10 

61.00 

60.90 

60.80 
60.69 

60.58 

60.47 
60.36 
60.24 
60.12 

60.00 
59.88 
59 . 83 
59.76 


Viscosity 
of liquid 
water 

centipoises* 


1.794 
1.692 
1 . 546 
1.420 
1.310 

1.213 
1 . 129 
1.052 
0.982 
0.919 

0.862 

0.810 

0.764 

0.721 

0.682 

0.647 
0.616 
0.586 
0.559 
0 . 535 

0.511 

0.490 

0.470 

0.451 

0.433 

0.417 

0.401 

0.386 

0.372 

0.359 

0.347 
0.336 
0 . 325 
0.315 
0.305 

0.205 

0.287 

0.284 


* Condensed from Keenan, “Steam Tables,” A.S.M.E., 1930. 

* Calculated by Badger and McCabe frpm data in “International Critical Tables.” 



398 


CHEMICAL ENGINEERING PLANT DESIGN 


Table VIII. — Properties op Water and Saturated Steam. — (Continued) 


Temper- 

Temper- 

Absolute 

Latent heat 

Specific 

Density of 

Viscosity 

ature, 

ature, 

pressure, 

of evapora- 

volume. 

liquid water, 

of liquid 

degrees 

degrees 

pounds per 

tion, B.t.u. 

cubic feet 

pounds per 

water. 

Fahrenheit 

Centigrade 

square inch' 

per pound ^ 

per pound* 

cubic foot 

centipoises’ 

250 

121.11 

29.82 

945.2 

13.824 



260 

126.67 

35.43 

938.4 

11.762 



270 

132.22 

41.85 

931.4 

10.061 



280 

137.78 

49.20 

924.2 

8.644 



290 

143.33 

57.55 

917.0 

7.459 



300 

148.89 

67.01 

909.6 

6.464 



310 

154.44 

77.68 

902.1 

5.623 



320 

160.00 

89.65 

894.4 

4.910 



330 

165.56 

103.03 

886.5 

4.303 



340 

171.11 

117.99 

878.5 

3.784 



350 

176.67 

134.62 

870.2 

3.338 



360 

182.22 

153.01 

861.7 

2.964 



370 

187.78 

173.33 

853.0 

2.622 



380 

193.33 

195.70 

844.1 

2.333 



390 

198.89 

220.29 

834.9 

2.0816 



400 

204.44 

247.25 

825.5 

1.8608 




1 Condensed from Keenan, “Steam Tables,” A,8.M.E., 1930. 

* Calculated by Badger and McCabe from data in “ International Critical Tables.” 
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T.3LB IX. — Water Equivalents 


Gallons 

per 

hour 


Gallons 
per 
24 hr. 


Barrels^ 

per 

minute 


Barrels^ 
per 
24 hr. 


Gallons 

per 

minute 

Cubic feet 
per 

minute 

10 

1.337 

15 

2.005 

20 

2.673 

25 

3.342 

30 

4.001 

40 

5.348 

50 

6.684 

60 

8.021 

70 

9.357 

80 

10.694 

90 

12.031 

100 

13.368 

125 

16.710 

150 

20.052 

175 

23.394 

200 

26.736 

250 

33.421 

300 

40.104 

400 

53.472 

500 

66.842 

600 

80.208 

800 

106.94 

1,000 

133.68 

1,500 

200.52 

2,000 

267.36 

2,500 

334.21 

3,000 

401.04 


600 

14,000 

900 

21,600 

1,200 

28,800 

1,500 

36,000 

1,800 

43,200 

2,400 

57,600 

3,000 

72,000 

3,600 

86,400 

4,200 

100,800 

4,800 

115,200 

5,400 

129,600 

6,000 

144,000 

7,500 

180,000 

9,000 

216,000 

10,500 

252,000 

12,000 

288,000 

15,000 

360,000 

18,000 

432,000 

24,000 

576,000 

30,000 

720,000 

36,000 

864,000 

48,000 

1,152,000 

60,000 

1,440,000 

90,000 

2,160,000 

120,000 

2,880,000 

150,000 

3,600,000 

180,000 

4,320,000 


0.24 

342.8 

0.36 

514.3 

0.48 

685.7 

0.59 

857 

0.71 

1,028 

0.95 

1,371 

1.19 

1,714 

1.43 

2,057 

1.66 

2,400 

1.90 

2,742" 

2.14 

3,085 

2.38 

3,428 

2.98 

4,286 

3.57 

5,143 

4.16 

6,000 

4.76 

6,857 

5.95 

8,570 

7.14 

10,284 

9.52 

13,723 

11.9 1 

17,143 

14.3 

20,570 

19.05 i 

27,387 

23.8 

34,284 

35.7 

51,427 

47.64 

68,568 

59.52 

85,704 

71.43 

102,840 


J Forty-two gallons. 

To determine the velocity in feet per minute necessary to discharge a 
given volume of water in a given time, multiply the number of cubic feet 
of water by 144 and divide the product by the area of the pipe in inches. 

To find the theoretical velocity in feet per second due to any head, multi- 
ply the square root of the head in feet by 8.02. 

To determine the area of a required pipe, the volume and velocity of water 
being given, multiply the number of cubic feet of water by 144 and divide 
the product by the velocity in feet per minute. 
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Table X. — Pressures in Pounds per Square Inch, Corresponding to 
Heads of Water in Feet 


Head, feet 

0 

1 

2 

3 

4 

5 

6 

7 

. 8 

9 

I 

0 


0.433 

0.866 

1.299 

i 

1.732 

2.165 

2.598 

3.031 

3.464 

3.897 

10 

4.330 

4.763 

5.196 

5.629 

6.062 

6.495 

6.928 

7.361 

7.794 

8.227 

20 

8.660 

9.093 

9.526 

9.959 

10.392 

10.825 

11.258 

10.691 

12.124 

12.557 

30 

12.990 

13.423 

13.856 

14.289 

14.722 

15.155 

15.588 

16.021 

16.454 

16.887 

40 

17 . 320 

17.753 

18.186 

18.619 

19.052 

19.485 

19.918 

20.351 

20.784 

21.217 

50 

21.650 

22.983 

22.516 

22.949 

23.382 

23.815 

24.248 

24.681 

25.114 

25 . 547 

60 

25.980 

26.413 

26.846 

27.279 

27.712 

28.145 

28.578 

29.011 

29 . 444 

29 . 877 

70 

30.310 

30.743 

31.176 

31.609 

32.042 

32.475 

32 . 908 

33.341 

33.774 

34 . 207 

80 

34.640 

35.073 

35.506 

.35.939 

36.372 

36.805 

37 . 238 

37.671 

38. 104 

38.537 

90 

38.970 

39.403 

39.836 

40 . 269 

40.702 

41.135 

40 . 568 

42.001 

42.436j 

42.867 


Table XI. — Contents of Pipes and ('yi^indrical Tanks, with 
Horizontal Axis and Flat Ends, per Foot of Length for 
Any Depth of Liquid' 
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Table XII. — Contents or Pipes ob Ctlindbical Tanks or Various 
Diameters and One Foot High 


Diameter, 

inches 

Volume, 

gallons 

Diameter, 

inches 

Volume, 

gallons 

% 

0.005 

4^ 

0.826 


0.010 

5 

1.02 

h 

0.023 

5H 

1.23 

1 

0.047 

6 

1.47 


0.064 

7 

2.00 

m 

0.092 

8 

2.61 

2 

0.163 

9 

3.30 


0.255 

10 

4.08 

3 

0.367 

11 

4.93 

3,^ 

0.500 

12 

4.87 

4 

0.652 
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Table XIII. — Steel-pipe Tables^ 
(Standard and extra-heavy pipe) 


§ 

•TO" 

pi" 

I 8 c g* 


0.405 0.27 0.06 0.295 0.18 0 24 

0 540 0.36 0 10 0.541 0.32 0.42 

0.675 0.49 0.19 0 993 0.60 0 57 

1 0.840 0.62 0.30 1.579 0.95 0.85 


0.22 0.04 0.189 0.11 0.31 
0 30 0 07 0 372 0 22 0.54 
0.42 0.14 0.730 0.44 074 
0.55 0.23 1.216 0.73 1.09 


y* 1.050 0.82 0.53 2 770 1.66 1.13 

1 1.315 1.05 0.86 4 490 2.69 1.68 

IH 1.660 1.38 1.50 7 770 4.46 2.27 

1.900 1.61 2.04 10.58 6.35 2.72 


0 74 0.43 2.246 1 35 1.47 § 

0 96 0 72 3.732 2.24 2.17 ^ 

I 1 28 1 28 6.664 4.00 3.00 § § 

^ 1.50 1.77 9.180 5.51 3 . 63 _££_ .jsL. 


2 2.375 2.07 3.36 17 43 10.5 3.65 S 

2.875 2 47 4.79 24.87 14 9 1 5 79 ^ 

3 3.500 3.07 7.39 38.40 23 0 7.58 

8H 4.000 3.55 9.89 51.36 30.8 9.11 § 


2 95 15.34 
4.24 22.02 
6 61 34.31 
8.89 46.17 


9.20 5.02 
13.2 7 66 
20 6 10 25 
27.7 12.51 


500 4.03 12.73 66.13 39.7 10 79 

563 5.05 20 01 103 9 62 4 |l4.62 g 

625 6.07 28.89 150.1 90.0 18.97 ** 


3.83 11.50 59.72 35 8 14 98 g | 

4.81 18.19 94.51 56 7 20 78 ^ 

5.76 26.07 135.4 81.2 28.57 


625 7.98 50.02 259.9 156 28 55 

625 8.07 51.16 265.8 159 24 69 § 

625 8.94 62.79 326.2 195 33.91 


7.63 45.66 237.2 142 43.34 


8.63 58 43 303.5 182 48.73 


.75 10.02 78.85 409.6 246 40 48 S 

10 10.75 10.14 80.69 419.2 252 34 24 

10 10.75 10.19 81.58 423.8 255 31.20 

12 12.75 12.00 113.1 587.5 353 49.56 

12 12.75 12.09 114.8 696.4 1358 43.77 


9.75 74 66 387.8 233 54.74 


.75 108.4 563.3 338 65.42 8 


00 14.26 159.5 828.5 497 58.57 


14.00 153.9 799.7 480 77.43 


1 After Baldwin-Southwark Corp. 

3 Maximum service iveasure, 16 per sq. in.; if subject to severe shock, reduce to 75 per cent. 
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Table XIII. — Steel-pipe Tables.’ — {Continued) 
(Double-extra-hcavy pipe and seamless tubes) 


Nominal sixe. 

Inches 

Diameter, 
actual external 

Double extra heavy 

Seamless tubes 

Diameter, 
actual internal 

Internal area, 
sq. in. 

Capacity, 
gal. per 100 ft. 

>> 

zJ 

a & 

521 

Nominal weight, 
lb. per ft. 

Lap weld* 

Butt weld* 

Diameter, 
actual internal 

Internal area, 

Bq. m. 

Capacity, 
gal. per 100 ft. 

G.pjn. at 1 ft. 
per sec. velocity 

Nominal weight, 
lb. per ft. 


y2 

0 840 

0 25 

0 05 

0 259 

0 16 

1.71 


§ 

_!£L 

0.25 

0 05 

0.259 

0.16 

1.71 


r* 

1.050 

0 43 

0 15 

0.768 

0 46 

2.44 


§ 

0.43 

0.15 

0.768 

0.46 

2.44 

8 

1 

1.315 

0 60 

0 28 

1.464 

0.88 

3.66 



0.60 

0.28 

1.464- 

0.88 

3.66 


IH 

1 660 

0.90 

0.63 

3.276 

1.96 

5.21 

8 

§ 

0.90 

0.63 

3.276 

1.96 

5.21 


V/i 

1 000 

1.10 

0.95 

4.937 

2.96 

6.41 

0 

-a.,. 

1.10 

0.95 

4.937 

2.96 

6.41 


2 

2 375 

1.50 

1.77 

9.217 

5.53 

9.03 

8 

§ 

1.50 

1.77 

9.217 

5.53 

9.03 

§ 


2.875 

1 77 

2.46 

12.80 

7.68 

13.70 


-s£- 

1.77 

2.46 

12.80 

7.68 

13.70 


3 

3.500 

2 30 

4 16 

21.58 

13 0 

18.58 

§ 


2.30 

4.16 

21.58 

13.0 

18.58 

§ 

3^2 

4 000 

2.73 

5.85 

30 36 

18.2 

22.85 



2.73 

5.85 

30.36 

18.2 

22.85 


4 

4 500 

3 15 

7 80 

40 54 

24 3 

27 54 

§ 


3.15 

7.80 

40 54 

24.3 

27.54 

§ 

5 

5.563 

4,06 

12 97 

67 35 

40.4 

38 55 



4.06 

12 97 

67.35 

40.4 

38.55 


6 

6.625 

4.90 

18 84 

97.84 

58.7 

53.16 



4.90 

18.84 

97.84 

58.7 

53.16 









y 








8 

8.625 

6.88 

37 12 

192.8 

116 

72.42 

•>« 


6.88 

37.12 

192.8 

116 

72.42 

§ 















ei 


> After Baldwin-Southwark Corp. 

2 Maximum service pressure, pound per square inch : if subject to severe shock, reduce to 75 per cent. 


Bursting Pressure. — May be calculated for cold water according to 
Barlow’s formula: 

P - 2ft/D 

where P = lb. per sq. in.; f = wall thickness, in.; D = outside diameter, 
in.; and / = 41,000 for butt-weld steel, 52,000 for lap-weld steel and 62,000 
for seamless steel. 





saxaul 
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Table XV. — Specific Gravities and Weights of Materials 
(Solids and liquids referred to water at 4°C. Gases referred to air at 0® 
and 760 mrn. pressure. Weights are average) 


Specific Yb‘Sr‘' 
gravity 


Bituminous 

Substances 

Asphaltum 1 . 1-1 . 5 

Goal, anthracite 1.4-1. 7 

Coal, bituminous 1.2-1. 5 

Coal, lignite 1. 1-1.4 

Coal, peat, turf, dry. . 0.65-0.85 
Coal, charcoal, pine. . 0.28-0.44 
Coal, charcoal, oak. . . 0.47-0.57 

Coal, coke 1.0-1. 4 

Graphite 1.9-2. 3 

(Jraphite, flour 

Graphite, flake 

Paraffin 0.87-0.91 

Petroleum 0.87 

Petroleum, refined.. . . 0.79-0.92 
l*etroleum, benzine... 0.73-0.75 
Petroleum, gasoline.. . 0.66-0.69 

Pitch 1.07-1.15 

Tar, bituminous 1.20 

Building Materials 

.^shes, cinders, dry 

Ashes, cinders, wet 

Cinder 

Cement clinker 

Cement, Portland, 

loose 

Cement, Portland, 

set 2. 7-3. 2 

Fine dust 

Fly ash 

Glass, common 

Glasw, plate 

Glass, crystal 

Glass, cullets 

Tiinje, gypsum, loose 

Lime, unslakod 

Lime, hydrated 

Mortar, set 1.4-1. 9 

Slags, bank slag 

Slags, bank screenings 

Slags, machine slag 

Slags, slag sand. . 

Coal and Coke, Piled 

Coal, anthracite 

Coal, bituminous, 

lignite 

Coal, peat, turf 

Coal, steam 

Coal, pulverized 

Coal, charcoal 

Coke, breeze 

Coke, refiners 

Earth, Etc., 

Excavated 

Clay, dry 

Clay, damp, plastic 

Clay and gravel, dry 

Earth, dry, loose 

Earth, dry, packed 

Earth, moist, loose 

Earth, moist, packed 

Earth, mud, flowing 

Earth, mud, packed 

Limestone 

Marl 


183 

110-125 

30-45 

156 

161 

184 
90 

53-64 

95 

20-45 

103 

67-72 

98-117 

96 

49-55 


Substance 

Specific 

gravity 

Earth, Etc., 
Excavated {Continuied) 

Sandstone 

Shale 

Sand, gravel, dry, 
loose 


Sand, gravel, dry, 

packed 

Sand, gravel, dry, 

wet 

Slate 



Traprock 

Excavation in Water 

Sand or gravel 

Sand or gravel and 

cla V 

Clay.‘ 

River mud 

Soil 

Stone riprap 

Liquids 

.\cid, acetic, 90 % ... . 
Acid, fluoric, 58 % ... . 
.\cids, muriatic 40 % . . 

Acid, nitric, 35% 

.\cids, nitric 91 % 

,\cid, pho.sphoric, 72% 


118-120 

80-90 

97-107 


.\cids, sulfuric 87 % . . . 

1.80 

112 

Acid, sulfuric, 97%,. . 

1.84 

115 

Alcohol, 100% 

0.79 

49 

.\lcohol, proof 


59 

Benzine 

0.85 

50 

Lve, soda 60 ‘ i; 

1.70 

106 

Oil. lin.seed 

0.94 

59 

Oils, vegetable 

0.91-0.94 

58 

Oil, olive 

Oils, mineral, lubri- 

0.92 

58 

cants 

0.90-0.93 

57 

Tar 

Water, 4°C. max. 

1.0 

62.4 

density 

1.0 

62.428 

Water, 100°C 

0.9584 

59.830 

Water, ice 

Water, snow, fresh 

0.88-0.92 

56 

fallen 

0.125 

8 

Water, sea -water 

Ashlar Masonry 

Granite, syenite. 

1 . 02-1 . 03 

64 

gneiss 

2. 3-3.0 

165 

Limestone, marble.. . . 

2. 3-2. 8 

160 

Sandstone, bluestone. 

Brick Masonry 

2. 1-2.4 

140 

Pressed brick 

2. 2-2. 3 

140 

Common brick 

1 .8-2.0 

120 

Soft brick 

Concrete Masonry 

1.5-1. 7 

100 

Cement, stone, sand. . 

2. 2-2.4 

144 

Cement, slag, etc 

1.9-2. 3 

130 

Cement, cinder, etc... 

Mortar Rubble 
Masonry 

Granite, syenite, 

1.5-1. 7 

100 

gneiss 

2. 2-2. 8 

155 

Limestone, marble. . . . 

2. 2-2. 6 

150 

Sandstone, bluestone. 

2. 0-2. 2 

130 
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Tablb XV. — Specific Gravities and WBiairrs or Materials.— 

iConiinued) 


Substance 


Dry Rubble^Masonry 

Granite, syenite, 

gneiss 

Limestone, marble. . . . 
Sandstone, bluestone. 

Gases 

Air, 0®C., 760 mm. . . . 

Ammonia 

Carbon dioxide 

Carbon monoxide .... 

Gas, illuminating 

Gas, natural 

Hydrogen 

Nitrogen 

Oxygen 

Metals, Alloys, Ores 
Aluminum, cast- 

hammered 

Aluminum, bronie. . . . 

Babbitt 

Beryllium 

Bismuth 

Brass, cast-rolled 

Bronze, 7.9 to 14% 


Chromium 

Copper, cast-rolled . . . 

Duralium 

Gold, cast-hammered . 

Iron, cast, pig 

Iron, wrought 

Iron, steel 

Iron, spiegeleisen 

Iron, ferroeilicon 

Iron slag 

Lead 

Magnesium 

Manganese | 

Mercury 

Nickel 

Nickel, Monel metal . . 
Platin u m , cast-ham- 
mered I 

Silver, cast-hammered. 

Spelter 

Sodium 

Tin, cast-hammered.. 
Tin ore, cassiterite . . . 

Tungsten 

Vanadium 

Zinc, cast-rolled 

Zinc ore, blende 

Minerals 

Apatite 

Asbestos, shredded . . . 

Barytes 

Ba^t 

Bauxite 

Bauxite, crushed 

Calcite 

Clay, marl 

Copper ore 

Dolomite 

Feldspar 

Feldspar, ground 

Fluospar 

Fuller’s earth, raw 


Specific 

gravity 


1.9- 2. 3 

1.9- 2. 1 
i.8-1.9 

1.0 

0.5920 

1.5291 

0.9673 

0.35-0.45 

0.47-0.48 

0.0693 

0.9714 

1.1056 


2.55-2.75 

7.7 


8. 4- 8.7 

7. 4- 8. 9 


8. 8-9.0 


19.25-19.3 

7.2 

7. 6- 7. 9 
7. 8-7. 9 

7.5 

6. 7- 7. 3 
2. 5-3.0 

11.37 


7. 2-8.0 
13.6 
8. 9-9. 2 
8. 8-9.0 

21.1-21.5 

10.4-10.6 


7. 2-7. 5 
6, 4-7.0 


6.9- 7. 2 

3. 9- 4. 2 


2. 7-3. 2 
2.55 


1 . 8 - 2. 6 

2.5 


Weight, 
lb. per 
cu. ft. 

Substance 

Specific 

gravity 

Weight, 
lb. per 
cu. ft. 


Minerals {Continued) 
Fuller’s earth, 35% oil 


60-65 

130 

Galena 


465 

125 

Gneiss, serpentine. . . . 

2.4-2. 7 

159 

no 

Granite, syenite 

2.5-3. 1 

176 


Greenstone, trap 

2. 8-3. 2 

187 

0.08071 

Gypsum, alabaster. . . 

2. 3-2. 8 

159 

0.0478 

0.1234 

Gypsum, crushed 

Hornblende 

3.0 

55-60 

187 

0.0781 

Iron ore, hematite.. . . 

5.2 

325 

0.028-.036 

0.038-.039 

Iron ore, hematite in 


160-180 

0.00559 

0.0784 

Iron ore, hematite 



130-160 

0.0892 

Iron ore, limonite. . . . 



3 . 6-4 . 0 

237 


Iron ore, magnetite.. . 

4. 9-5. 2 

315 


Limestone, marble.. . . 

2. 5-2. 8 

165 

165 

Magnesite 

3.0 

187 

481 



17-22 

454 

120 

Phosphate rock, apa- 
tite 

3.2 

200 

611 

Porphyry 

2. 6-2. 9 

172 

534 

Pumice, natural 

0.37-0.90 

40 

500-541 

Pyrites 


262 

Pyrolusite 


259 

428 

Quartz, flint 

2. 5-2.8 

165 

556 

Sandstone, bluestone. 

2 . 2-2 . 5 

147 

180 

Shale, slate 

2. 7-2. 9 

175 

1205 

Soapstone, talc 

2.6-2. 8 

169 

450 

485 

490 

Stone, Quarried, 
Piled 

Basalt, granite, gneiss 


96 

468 

437 

Limestone, marble, 

quartz 


95 

172 

Porcelain 


145 

710 

Sandstone 


82 

109 

Shale 


92 

475 

849 

Greenstone, horn- 

hl^nde 


107 • 

565 

556 

Timber, D. S. 
Seasoned 

Ash, white, red 

0.62-0.66 

40 

1330 

Birchwood 

0.65 

41 

666 

Cedar, white, red. . . . 

0.32-0.38 

22 

437.5 

Cherry . 

0.70 1 

44 

61 

Chestnut 

0.66 

41 

459 

Cypress 

0.48 

30 

418 

Fir, Douglas spruce. . 

0.51 

32 

1224 

Fir, eastern 

0.40 

25 

343 

Elm, white 

0.72 

45 

440 

Hemlock 

0.42-0.52 

29 

253 

Hickory 

0.74-0.84 

49 


Lignum vitae 

0.66-1.33 

41-83 

200 

Locust 

0.73 

46 

20-25 

Maple, bard 

0.68 

43 

180 

Maple, white 

0.63 1 

33 

184 

Oak, chestnut 

0.86 

54 

169 

Oak, live 

0.95 

59 

75-80 

Oak, red, black 

0.65 

41 

170 

Oak, white 

0.74 

46 

137 

Pine, Oregon 

0.61 

82 

262 

Pine, red 

0.48 

30 

181 

Pine, white 

0.41 

26 

159 

75-80 

Pine, yellow, long- 
leaf 

0.70 

44 

no 

35-40 

Pine, yellow, short- 
leaf 

0.61 

88 
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Table XV. — Specific Gravities and Weights op Materials. — 


(Continued) 


Substance 

Specific 

gravity 

Weight, 
lb. per 
cu. ft. 

Substance 

Specific 

gravity 

Weight, 
lb. per 
cu. ft. 

Timber, U. S. 



Agricultural Products 



Seasoned (Continued) 



{Continued) 



Poplar 

0.48 

30 

Rice grits 


42-4.'i 

Redwood, California.. 

0.42 

26 

Rye 


44 

Spruce, white, black. . 

0.40-0.46 

27 

Sawdust 


1.3 


0.59 

37 



15 


0.61 

38 



45 

Walnut, white 

0.41 

26 

Sugar, raw 


55-65 

Moisture Contents' 



Sugar, refined 


50-55 

Seasoned timber 15 



Suear beet pulp, dry . . 


12-15 

to 20 % 





2.'i-45 

Green timber up to 





55 

50% 



Tankage 


60-62 

Agricultural Products 



Turpentine 


54 

Barley 


38 

Wheat 


48 

Beans 


48 

Wool 


82 



36 





45-50 






35-40 



.50-60 



55-60 



45-50 



109 



.30-40 



16 



.*>0-55 

Brewer’s grain, spent, 



Borax, powdered 


50-55 



55-60 



20-25 

Brewer’s grain, spent, 



Carbon black, pow- 




25-30 



4-6 



42 



25 



59 



45 

Cocoa 


30-35 

Chalk, crushed 


85-90 

Cocoa beans 


35-40 

Chalk, pulverized. . . , 


70-75 

Coffee 


40-42 

Charcoal ' 


18-38 

Cork ground 


12 

Giitt.a-percha 


61 

Corn, shelled 


45 

Glas.s, common 


156 

Corn, grits 


42-43 

Ola^, crystal 


184 

Corn meal 


40 

Glass, plate 


161 

Cottonseed, dry 


25 

Gypsum, calcined. . . . 


55-60 

Cottonseed cake 


40-45 

Gelatin, gran 


33 

Cottonseed hulls 


12 

Hides green 


85 

Cottonseed meal 


35-40 

Xodine 

4.95 

309 

Pftfm 


58 

Lithopone 

45-50 

Plaxseed 


45 

Paraffin cake 


45 

Plaxseed cake 


44-50 

Phosphorus, white. ... 


115 

Flaxse^’H meal 


25 

Phosphate, acid ■ 


60 

Flour 



28 

Phosphate, gran 


90 

Flour, pressed 


47 

Rosin 


168.6 

Hay baled 


24 

Rubber, caoutchouc. . 


59 

Hominy 


37 

Rubber goods 


94 

Lard .it 


59 

Salt, coarse 


45-51 

X.ep.ther 


59 

Salt, dry, fine 


70-80 

Malt, dry, crushed. . . 


20-22 

Salt, granulated, piled 


48 

Malt dry, whole 


27-30 

Saltpeter 


67 

Malt, wet 


60-65 

Sewage sludge 


40-50 

Malt meal 


36-40 

Soap, powdered 


20-25 

Milk dried, flake 


36 

Soda, caustic 


88 

Milk t.eil 


27 

Soda ash, dense 


55-65 

Oats 


26 

Soda ash, light 


20-35 

Oleomargarine 


59 

Starch 


96 

Peanuts, shelled 


20-25 

Sulfur, lump . 


80-85 

Peanuts, unshelled . . . 


15-20 

Sulfur, powder 


50-60 

Potatoes 


42 

White lead 


35-55 

Rice, clean 


45-48 

Zine oxide 


10-35 




! 1 
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Tablb XVI.—Resistance of Valves and Fittings to the Flow of 

Fluids^ 


Pipe 

sise, 

inches 

Gate 

valve 

Globe 

valve 

Angle 

valve 

90-deg. 

elbow 

45-deg. 

elbow' 

Close 

return 

bend 

Tee 

straight 

through 

Tee 

through 

side 

outlet 

Multipbing 
factor for water 
and nonviscous 
liquids 

H 

0.4 

10 

5 

0.9 

0.6 

2.2 

0.7 

2.2 

1.07 


0.5 

15 

7 

1.3 

0.9 

3.4 

1.1 

3.4 

1.08 

1 

0.7 

20 

10 

1.8 

1.2 

4.4 

1.5 

4.4 

1.09 

IK 

0.9 

25 

12 

2.2 

1.5 

5.5 

1.8 

5.5 

1.10 

IK 

1.1 

30 

15 

2.7 

1.8 

6.7 

2.2 

6.7 

1.11 

2 

1.5 

40 

20 

3.6 

2.5 

9.0 

3.0 

9.0 

1.13 

2K 

1.8 

50 

25 

4.4 

3.0 

11.0 

3.7 

11.0 

1.14 

3 

2.2 

60 

30 

5.3 

3.7 

13.5 

4.4 

13.6 

1.15 

3H 

2.5 

70 

35 

6.2 

4.3 

15.5 

5.1 

15.5 

1.16 

4 

3.0 

80 

40 

7.0 

5.0 

18.0 

6.0 

18.0 

1.17 

5 

3.6 

100 

50 

9.0 

6.2 

22.5 

7.4 

22.5 

1.19 

® i 

4.4 

120 

60 

10.5 

7.6 

27.0 

9.0 

27.0 

1.20 

8 

6.0 

160 

80 

14.0 

10.0 

36.0 

12.0 

36.0 

1.21 

10 1 

7.5 

200 

100 

18.0 

12.5 

45.0 

15.0 

45.0 

1.22 

12 

9.0 

240 

120 

21.5 1 

15.0 

56.0 

18.0 

56.0 

1.22 


* Walworth Co. 

Not*. — Tabular values indicate equivalent length of straight pipe in feet, having same 
reeifltanee as htting. Values given are for steam, air or gas. 

For water and nonviscous liquids, multiply tabular values by the factor given in the last 
column. Values given are for screwed fittings. For flanged gate valves, multiply tabuiar 
values by 0.80; for globe valves, by 0.96; for angle valves, by 0.90; for elbows, tees and 
bends by 0.76. 
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ELEMENTARY PROBLEMS 

Exercise I — Simple Foundations 

Problem 1. Foimdation for a Cast-iron Shaft. — Design the concrete founda- 
tion for an obelisk with solid cast-iron shaft, total height 15 ft. from base to 
tip. The shaft is to have a square base, 4 ft. on the side; the solid cap of the 
shaft is to be of aluminum, 3 ft. high, tapering from the peak to the top 
section of the cast-iron part which is 2 ft. square. The shaft is to be located 
on alluvial soil, 2 ft. above grade. 

Problem 2. Foundation for a Water Tank. — Design a concrete foundation 
for a standard Lancaster vertical, cylindrical, water-storage tank, 45 ft. in 
diameter and 30 ft. high, of standard sheet-steel construction. The tank 
is to be located in the rear of the power plant, on gravel soil, 1 ft. above 
grade. 

Exercise II — Equipment Foundations 

Problem 1. Design of Supports and Foimdations for Horizontal Standard 
16,000-gal. Riveted Pressure Tank for Storage of Hot Oil. 

Specifications. 

A. Tank. 

1. Size 40 ft. long by 8 ft, diameter. 

2. Working pressure, 45 lb. Factor of safety, 4. 

3. Ck)nvcx heads, radius = diameter of tank; follow A.S.M.E. Code 
for unfired pressure vessels. 

4. Materials of construction, boiler plate; Underwriters’ Labora- 
tories, National Board of Fire Underwriters. 

5. Allowable temperature variations, —20° to 660°F. 

6. Center line of tank, 8 ft. above grade. 

7. Drain cock on end, 4 ft. above finished floor. 

B. Supports. 

1. Lugs, six in number, cast iron, 8-in. bearing face. 

2. Weight to be uniformly distributed. 

3. Lugs to rest on I-beams; these beams to rest on pipe supports. 

4. Tank to be anchored only at center. 

5. Pipe supports must be anchored to piers using floor flanges. 

6. Supports must be properly cross-braced. 

C. Piers. 

1. Concrete, two, to project 2 in. above finished floor. 

2. Piers to extend across tank. 
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3. Use reinforcement rods. 

4. Floor, 4 in. thick, top 1 ft. above grade. 

D. Floor, 4 in. thick, top 1 ft. above grade. 

E. Location, outside, on sandy soil. 

Problem 2. Design of Supports and Fotmdations for a Vertical Tank for 
Storage of 62''B^. H2SO4. 

Specifications. 

A. Tank. 

1. Lead-lined, using 10 lb. per square foot sheet lead. 

2. Sides, J^-in. boiler plate. 

3. Ends, 5 ' 16 -in. boiler plate, convex, radius = diameter of tank. 

4. Diameter of tank, 8 ft. 

5. Length of tank at edge, 20 ft. 

6. Lugs, cast iron, four. 

B. Supports, 

1. Support plane, 16 ft. above grade. 

2. Pipe, standard, also fittings. 

3. Center of tank, 14 ft. above grade. 

4. Supports must be anchored to piers. 

C. Piers. 

1. Four in number. 

2. To extend 12 in. above grade. 

3. Run reinforcement rods from concrete into supports. 

4. Shape, frustum of pyramid. 

D. Location, outside, gravel and sand soil. 

E. Temperature variations, —20° to 220°F. 

Problem 3. Design of Supports and Foundations for Chemical Equipment. 

Sketch layout and elevation for specific unit operation equipment installed 
in chemical engineering unit operation laboratory. Use local data and 
conditions for specifications. 

Exercise III — Drainage 

Problem 1. Design of Sewer System for Plant. 

Required: Layout and elevation, details of special drainage. 

Specifications. 

A. Building. 

1. Size, 128 by 41 ft.; standard industrial building, side bays 20 ft. 
6 in. wide; each bay 16 ft. long; each bay with central floor drain 
with pitch of 1 in. in 8 ft. from outer edge of bay to drain in 
center (narrow dimension of building fronting on street). 

2. Property and building line abutting sidewalk; sidewalk, 5 ft. 
wide; parking area, 10 ft. wide; paved street, 20 ft. wide. 

3. Curtain walls, 8 in. thick; concrete floor, 4 in. thick; grade level, 
932 ft. 
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B, Sanitary and chemical facilities necessary. 

1. Capacity: calculate; provide four times capacity for central 
main to take care of expansion for chemical line; sanitary water 
demands, 75 gal. per person per day. 

2. Equipment. 

а. Vertical reaction vessel, 6 ft. diameter, 1,000 gal. capacity, 
with connections for direct dumping into sewer. In right 
rear corner of building, edge of tank 1 ft. from walls. 

б. A 2-ft. 6-in. by 10-ft. condenser and 6- by 10-ft. still, in 
right front corner of building; still located with center point 
8 ft. from front and side wall; closed condenser 8 ft. from 
front wall and 34 ft. from right side of building, fed by J^-in. 
water line. Drain for condenser to have check valve and 
running trap. Water pressure in J^-in. line, 50 lb.; line 
100 ft. long and delivery 30 ft. high. 

c. Toilet facilities: urinals, stools, showers, wash and locker 
facilities for 20 men per shift (three shifts). Space 20 ft. 
63^ in. by 16 ft. in left rear of building provided. Proper 
sanitary traps and all fittings. Toilet facilities and space 
for three women adjoining office in left front of building; 
office in 20-ft. 6-in. by 16-ft. space; no floor drain. Drinking 
fountain in front of building. 

d. Roof drainage to run toward rear of building, with collector 
to carry to left rear from right rear. Storm water to run 
into sanitary drain; sanitary drain to run into city sewer. 

6. Chemical line to drain back to industrial sewer 10 ft. from 
rear wall. 

3. Tx)cation. On highway; 24-in. city sewer is in center of roadway 
6 ft. below grade level. 

4. Materials, l^se good industrial grade of materials. 

а. Central drainage pipes, terra cotta. 

б. Branch lines, cast iron. 

c. Manholes and cleanouts. 

d. Floor drains, countersunk in floor, with strainer cap and 
bell trap. 

/. Vent traps, valves, etc. All cast-iron fittings and pipe 
should be “heavy.^^ 

5. Calculate excavation at S2.50 per cubic yard. 

Note. — In bill of materials provide 2 per cent extra for breakage in all 
piping. 

Use 40 per cent, then 20 per cent, *‘off listed quotations. Add 20 per cent 
lor labor. 

Problem 2. Design of Drainage System for Chemical Engineering Building. 

Sketch layout and elevation for chemical engineering unit operation labo- 
ratory using grid-covered trench system. Use local data and conditions for 
specifications. 
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Exercise IV — Piping Installations 

Problem 1. Design of Steam Service for Chemical Plant Equipment 
Specifications. 

A. Supply line properly lagged; 150-lb. gage steam pressure; pipe 4 in. 
diameter. 

B. Service for vertical still, open kettle, steam-jacketed kettle and ejector 
for pumping liquid from one tank to elevated tank. Ix)cate service 
lines at 14-ft. level on hangers or supports. 

C. Steam pressure to vertical ether still, 60 lb.; 1,000 lb. steam per hour 
at 5,000 ft. steam velocity. 

D. Steam pressure to jacketed kettle, 30 lb.; 500 lb. steam i)er hour at 
5,000 ft. steam velocity. 

E. Steam pressure to ejector, 25 lb. 

F. Silencer on steam line in open kettle. 

G. Floor plan of equipment (on centers from lower left, southwest corner 
of area). 

1. Vertical still, 43 ft. right, 11 ft. up. 

2. Open kettle, 40 ft. right, 93 ft. up. 

3. Jacketed kettle, 40 ft. right, 84 ft. up. 

4. Lower storage tank; 40 ft. right, 100 ft. up. 

5. Elevated tank, 30 ft. right, 108 ft. up. 

H. Dimensions of equipment with elevations. 

1. Vertical still, diameter 3 ft., height 22 ft. 

2. Open kettle, diameter 3 ft., depth 2 ft., top level 2 ft. 8 in. 

3. Jacketed kettle, diameter 2 ft. 6 in., depth 4 ft. 8 in., top level 

6 ft. 

4. Lower storage tank, diameter 4 ft., depth 4 ft., top level 8 ft. 

5. Elevated storage tank, diameter 6 ft., depth 6 ft., top level 20 ft. 
7. Ejector to empty lower tank in 20 min. 

J. Use return line for condensate from steam traps. 

K. Use reducing valves, properly by-passed, where needed. 

L. Safety valves should be used on all equipment. 

List bill of materials and cost data. 

Problem 2. Design of Steam Service for Chemical Plant Equipment. 

Specifications. 

Sketch layout and elevation of high- and low-pressure steam service to local 
chemical engineering unit operation equipment. 

Problem 8. Design of Water Supply for an Industrial Plant. 

Sketch and Layout: General, pumphouse, tank, valves, hydrant. List bill 
of materials, pipe-laying costs. 
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Specifications. 

A. Supply from river. 

B. Intake is screened pipe leading to well in pumphouse. 

C. Pumphouse to protect pump and motors. 

D. Centrifugal pump is direct-connected, motor-driven; set above flood 
level; maximum rise of river, 10 ft. 

E. Provision for priming pump; foot valve on supply to pump. 

F. Property line 1,000 ft. from pump. 

G. Grade level at property, 960.2 ft. 

//. Elevation at pump, 860.2 ft. 

/. Grade level at point 600 ft. from pumphouse is 960.2 ft. 

J. Pipe to be laid below frost line. 

K. Water tower of sufficient capacity and elevation to provide for pres- 
sure, plant fire protection demands and for sufficient storage against 
temporary breakdowns. 

L. Provide cleanout valve, check valve, and gate valves in line from tank 
to pumphguse. 

M. Gate valves to shut off su jply from river to well in pumphouse. 

N. Plant requires 50,000 gal. water per 16-hr. day. 

O. Fire hydrant in building area. 

P. Building 60 ft. inside property line. 

Q. Provide 30 lb. pressure in building on second floor at 22-ft. level. 

Problem 4. Design of Water Supply for an Industrial Plant. 

Specifications. 

Sketch layout and elevation for water supply of water service in local 

chemical engineering laboratory. 

Problem 5. Layout and Bill of Materials for Chemical Process Lines and 

Fittings to Vertical Reaction Vessel. 

Supply bill of materials for all piping and fittings necessary to supply chemi- 
cal solutions from main supply lines to reaction vessel. 

Specifications. 

A. Ves.sel: 45 ft. over-all length; 12 ft, diameter; convex ends, radius of 
ends, 12 ft.; drainage outlet 8 in. with lever-gate valve on bottom head 
center, 4 ft. off the floor; both fittings and screw boiler flange on vessel 
are furnished with vessel. 

B. Main supply lines: Horizontal; on-side, 6 in.; off-side, 8 in.; resting on 
concrete piers 2 ft. above finished floor; 6-in. line center 5 ft. from edge 
of tank; 8-in. line center 18 in. from center of 6-in. line; main lines 
must be cut and tees supplied. 

C. Chemical service lines: 4-in. and 2-in. lines rising vertically from 
8-in. and 6-in. lines, respectively, to a common feed line into the 
inlet on reaction vessel, each to be provided with a return sweep to 
prevent siphoning from common feed line; gate valves on each service 
line to be placed at 6-ft. level. 
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Use all flanged fittings, extra strong, for increased life of setup. 

D. Floor; 4 in. thick, 1 ft. above grade line of 960.02 ft. 

B, Location: inside chemical engineering building. 

Consider labor for installation at 20 per cent cost of material. Deduct 
40 per cent and 20 per cent from list prices for materials cost. ' 

PxERCiSE V — Equipment Assembly Drawing 

Problem 1. Design of Chemical Stoneware Absorption Tower for SOa 
Absorption System. 

Specifications. 

A. Scrubbing length, 45 ft.; 30-in. diameter tower sections. 

B. Packing. 

1. One-third diaphragm, 4-in. size. 

2. One-third spiral, 3-in. size. 

3. One-third Raschig rings, 1-in. size. 

C. Stoneware aspirator to pull gases through tower. 

D. Lantern consisting of Pyrex brand glass-pipe section to be fitted into 
system at convenient and accessible level, between tower and aspirator. 

E. Tower saucer on bottom and tower cover on top, distributor on top 
section. 

F. Tower to rest on concrete base, built upon floor. 

G. Sufficient supporting plates to carry the packing rings. 

H. Tower to be supported by wooden scaffolding. 

I. Scaffold risers to be made of 1- by 8-in. boards, crosspieces of 2 by 4 in. ; 
supports to be properly cross-braced. 

J. Pump to transfer water at 25®C. to top of tower at rate of 1,200 gal. 
per hour, producing a 1 per cent solution for product at base of tower. 

Sketches required. 

A. Sketch layout and setup. 

B. One detailed sketch of tower showing arrangement of sections of 
tower; break sections to show nature of packing. 

C. One detailed sketch of tower showing arrangement of supporting 
structure. 

Problem 2. Assembly Sketch of Local Chemical Engineering Equipment. 

Sketch a layout and elevation of one of the local units in the chemical 
engineering unit operation laboratory, complete with all piping and acces- 
sories. Include a bill of materials. 

Exercise VI — Power Transmission 

Problem 1. Sketch and Bill of Materials for Power Transmission Setup. 

Specifications. 

A, Building 128 by 60 ft. 

1. Standard industrial building, flat-roof type. 

2. Exposed beams. 
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B. Equipment to be driven. 

1. Dryer: Ruggles-Coles X-A for drying clays; 1 r.p.m. for drum, 
gear drive, and speed reducer (10; 1). 

2. Centrifugal: Tolhurst, center-slung, 48-in. basket; belt driven; 
r.p.m. normal, 750; locate in line near Bauer mill. 

3. Bauer mill: 24-in. plates; each 1,800 r.p.m.; differential speed, 
3,600 r.p.m.; 50-hp. requirement; located near outside side wall 
of building. 

C. Main shaft lengthwise of building, operating at 250 r.p.m. 

D. Locate motor, shafting, beam clamps and hangers, pillow blocks, gear 
supports, idlers, pulleys, etc. 

Do not sketch equipment in detail; only portion connected with motiva- 
tion mechanism. 

Layout and elevation sketches and bill of materials desired. 

Problem 2. Sketch and Bill of Materials for Local Power Transmission 
Setup. 

Specifications. 

Include location on switches, and motors in relation to serviced equipment. 

Exercise VII — Illumination, Ventilation and Heating 

Problem 1. Lighting, Ventilation and Heating for Standard Factory Building 

Select factory building of standard design for chemical plant, containing 
dryer, Bauer mill, centrifugal (see VI-1), and steam processing equipment. 
(See lV-1.) 

Locate lighting outlets, unit heaters and ventilators. 

Specifications. 

A. Roof: flat, steel deck, Maizewood insulation; four-ply, built-up 
construction. 

B. Walls: side-wall panels 6 ft. high; remainder, steel windows. 

C. Doors: steel, sliding. 

D. Windows: center-pivoted; steel. 

E. Floors: concrete. 

F. Ventilation: provide sufficient changes to agree with requirements for 
factory. 

G. Heating: unit heaters; low-pressure steam. 

//. Lighting: standard factory outlets; sufficient for chemical plant. 

/. Location of plant, Pittsburgh, Pa. 

Problem 2. Lighting, Ventilation and Heating of Chemical Engineering 
BuUding. 

Make three separate sketches of local installation of electric lighting, of 
ventilation, including dust and fume elimination, and of heating installation. 
Also, submit report on evaluation of local conditions of lighting, ventilation 
and heating as compared with standard requirements. 
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Exercise VIII — Flow Sheets 

Problem 1. Materials Flow Sheet. 

Draw a materials flow sheet for the production of a specified chemical 
commodity. 

Problem 2. Equipment Flow Sheet. 

Draw an equipment flow sheet for the production of chemical commodity 
specified in Problem 1. 

Exercise IX — Specifications 

Problem 1. Raw Materials Specification. 

Write specifications for the raw materials and finished products to be 
produced in Exercise VIII. 

Each specification should be written on a separate sheet. 

Problem 2. Equipment Specification Form Sheet. 

Develop an ^^information required^’ form sheet for a specified unit of 
laboratory or plant operation equipment. 

Problem 3. Equipment Specification. 

Write an equipment specification for a unit of chemical plant equipment. 
Also, add a requisition to the purchasing department for this unit. 

Problem 4. Pump and Motor Specifications. 

Write complete pump and motor specifications for such units connected 
with equipment used in Problem 3. Also, submit requisition for each unit. 
Each specification should be written on a separate sheet and should con- 
stitute a complete presentation of facts necessary for ordering a duplicate 
of present pumps or motors. 

Exercise X— Plant Location Map 

Sketch a map of the native state or commonwealth. Ix)cate principal 
cities and centers of chemical commodity production. Use legend to 
identify commodity production. 
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STUDENT DESIGN PROJECTS ASSIGNMENTS 

In the following pages are given four projects, each one of 
which covers in eight problems all the calculations and designs 
that would be required in the preparation for an actual process 
plant. Not only is each project carried through the stages of 
flow diagrams, specifications, plans, bills of material and precon- 
struction cost accounting but it also includes the preparation of 
operating instructions for use in starting up the plant. During 
the preconstruction stages it is necessary for the designer always 
to keep in mind the number and type of operators needed. 
Being well versed in the performance characteristics of each 
piece of equipment and knowing its required operating schedule, 
he is in a position to give instructions on the operation of the 
plant, assuming his design is correct and the plant is normal. 
It is necessary that the operating instructions laid down by the 
designer be the basis for tuning up the plant; any variations 
from his instructions should be made only as a result of the 
experience gained after the plant has been put into eflSclent 
operation. 

Project I — Ferrous Sulfate Recovery Plant 

Design a plant for the recovery of ferrous sulfate from the waste pickle 
resulting from the pickling of steel in a galvanizing plant. 

A galvanizing plant uses 100 tons or 50°B6. sulfuric acid every 24 hr. 
in the pickling of steel; before it is used this acid is diluted to 18°B6. When 
exhausted insofar as pickling is concerned, the waste pickle liquor leaves 
the vats as a 25 per cent solution of ferrous sulfate containing 2 per cent 
sulfuric acid, and at a temperature of ITS'^F. This liquor is drained from the 
pickling vats through a header into a waste-liquor storage reservoir built 
underground. 

From the pickle-liquor storage reservoir the liquor is to be pumped into 
neutralizer tanks containing scrap iron for neutralization of the acid; 48 hr. 
at 170°F. is considered sufficient to complete neutralization. The neu- 
tralized liquor is then to be pumped through filters to remove insoluble 
sludge before concentration in special evaporators. Crystallization to 
monohydrate is to be effected in the evaporators and the crystals are to be 
permitted to fall into a sump where temperature is maintained above 17I^F. 

417 
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The wet crystals are to be removed by means of a pump or mechanical rake, 
centrifuged and then cooled. The mother liquor from the centrifuge is to be 
returned to the sump. The dry crystals are to be conveyed to storage bins, 
preparatory to bagging, barreling and transfer to freight cars. 

The pumps, conveyors, agitators and other motivating equipment are to 
be operated from a lineshaft, except that vacuum pump on the evaporator 
is to be steam driven, the exhaust steam from this pump to be used in the 
first effect evaporator. If approved plant layout does not permit economical 
use of shafting for acid liquor pumping, a separate motor drive may be used 
for such purpose. 

Project n — Deodorized Soybean Oil Plant 

Design a plant for the deodorization of raw soybean oil obtained from 
an expressing plant handling 50 tons of raw beans, according to general prac- 
tice; the deodorized oil to be used for oleomargarine. 

The deodorizing plant is to consist of a closed tank or deodorizer in which 
the oil is to be processed; equipment for heating the oil within the deodorizer 
while steam is blown through the oil; means for maintaining a high vacuum 
within the deodorizer; and equipment to cool and filter the oil after 
deodorizing. 

The oil to be deodorized is to be heated by circulating it through a heater 
at 125°C., steam is to be injected into the oil; the deodorizing cycle to be 8 hr. 
The vacuum is to be obtained by use of Nash-Hytor vacuum pumps. Cool- 
ing is to be accomplished by dropping the deodorized oil into a vacuum 
cooling tank equipped with cold water coils. 

Project III — Sodium Chlorate Plant 

Design a chemical plant for the production of 4,000 lb. of sodium chlorate 
per 24 hr. by the Liebig method. 

Salt from Louisiana will be shipped in, put into solution in wooden tanks, 
purified by sodium carbonate treatment to separate out the calcium and 
magnesium, neutralized with hydrochloric acid and then electrolyzed using 
Nelson cells; the chlorine gas is to be piped to a mixing chamber, where it is 
to be mixed with the brine-caustic solution to form sodium hypochlorite; 
this solution is heated to 90°C. to transform the hypochlorite to chlorate. 
The sodium chlorate-sodium chloride solution is then evaporated in triple- 
effect evaporators and the sodium chloride is removed; when evaporated 
to a concentration of 74.1 per cent sodium chlorate, and a residual salt 
content of 0.41 per cent, the solution has a gravity of L65; then the solution 
is transferred to crystiUlizers and cooled. The crystallized sodium chlorate 
is centrifuged from the mother liquor and dried in a steam-boated rotary 
drier before placing in storage. The separated sodium chloride is washed 
free from sodium chlorate by washing with sodium hydroxide solution and 
returned to the system for electrolyzing. 

The average current efficiency of the Nelson cell is to be considered as 
86 per cent, and the chemical efficiency rated at 80 per cent. All but 2 per 
cent of the sodium chloride is to be considered as recoverable. The Nelson 
cell is to operate under optimum conditions on a 26.4 per cent sodium 
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chloride solution at 55°C., producing a solution of specific gravity 1.23 and 
containing 9.67 per cent sodium hydroxide and 14.52 per cent residual 
sodium chloride. 


Project IV — Butane Oxidation Plant 

Design a plant for the production of solvents by the method of partial 
oxidation of butane. 

A natural gasoline plant has available, as a by-product from the natural 
gasoline refinery, 60,000 cu. ft. of butane per day, based on standard gas 
conditions. This by-product is to be utilized by oxidizing in the vapor 
phase the butane under controlled conditioiLs to produce partial-oxidation 
products, totaling 159 lb. per 1,000 cu. ft. of butane, the product consisting 
of aldehydes, alcohols, ketones and acids, according to the following analysis: 

Per Cent 


Acids, calculated as acetic 4.0 

Esters as ethyl acetate 0.6 

Aldehydes 

Acetaldehyde 18.5 

Formaldehyde 15.0 

Higher aldehydes 4.2 

Alcohols, calculated as methanol 22.2 

Ketones, calculated as acetone 9.5 

Water 26.0 


The conditions of the partial-oxidation process are the injection of a 
mixture of air and butane vapor, in a ratio of 10:1, into a stream of inert 
gas resulting from the elimination of the condensable vapors at 350 lb. pres- 
sure. In order to carry the air-butane mixture through the system, a 
recirculation of inert gas is maintained at a ratio of 140:1, inert gas to 
butane. The temperature of the furnace must be maintained, so that the 
reaction coils heat the gas up to 720°F. at the exit from the furnace. The 
reaction furnace is to be heated with butane; steam is to be geneiated by 
usrng uuiHiie fuel. Coinpre.ssors are to be operated with internal-combus- 
tion engines using butane as the fuel. Water supplied for cooling is to be 
available at a range of 75® to 90®F. 

The product obtained by oxidation of butane is to be subjected to frac- 
tionation, separating into three main fractions, viz.: (1) pure acetalde- 
hyde, (2) a crude methanol fraction, and (3) a residue to be wasted. The 
second fraction is redistilled after treatment with caustic to polymerize 
the aldehydes, and the vapors are further treated by washing counter- 
currently in a 33 per cent caustic solution. 

DESIGN PROJECT PROCEDURE 

Senior students in the curricula of chemical engineering 
usually have a training based upon the application of the funda- 
mentals of chemistry, physics, mathematics, mechanics, engineer- 
ing, English, and economics acquired in the first three years. At 
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this stage students have completed all laboratory work in unit 
operations and have had four quarters of unit-operations theory, 
completed all junior courses in chemistry, organic and physical. 
By the winter quarter they will have had at least one quarter of 
industrial chemistry lecture and industrial stoichiometry, and 
an introduction to literature review. The student is now capable 
of studying a process problem involving economics of processes, 
personnel, materials and heat balances, unit operations, thermo- 
dynamics, kinetics, stoichiometric calculations, report writing, 
and drawing of process equipment assemblies. 

Such a correlation course should be essentially on development 
and may be named design, or development, or both. In this 
( ourse the reaction kinetics are presented from the engineering 
point of view, taking up where physical chemistry left off, 
■icating experimental data by graphical calculus to predict 
ptimum conditions of operation for pilot-plant and plant-scale 
)ci*formance. Also, the course should deal with the visualization 
.1 processes in terms of equipment, men, materials, and money. 

At this point the one phase of work that the general run of 
Indents lacks is a correlation of design principles to actual cases 
in one^s own professional field. Often this is accomplished by 
invoking the practice of applying the principles in report writing 
for junior chemical engineering unit-operation assignments. If 
not, then some time should be devoted to assigning simple 
problems for the practice of calculation, sketching, and report 
writing, including detailed sketches of assemblies of available 
chemical engineering pilot or commercial plant equipment. Bills 
of materials should also be included in such assignments. 

Selection of Project. — The next step probably should involve 
the selection of problems on the preparation and production of 
some marketed chemical commodity. Whether to give indi- 
vidual or group problems depends upon the size of the class. A 
class of five to ten can be taught individually, but the difficulty 
increases with the larger classes, and it may be necessary to 
assign two to a topic or as many as four. The problem should 
be solvable with a fair degree of ease and should be on some com- 
modity already on the market that is produced by several corre- 
lated unit processes and unit operations. 

Preliminary Survey. — Following the assignment of the process 
topic or commodity should be the preliminary survey. A review 
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of the literature on many approved processes by which the com- 
modity can be made should then be undertaken, the chemistry 
involved carefully scrutinized, preliminary flow sheets drawn, and 
some preliminary costs figured. Then a decision of the par- 
ticular process to be undertaken may be arrived at by weighing 
all known facts. The order of procedure in the preliminary 
survey to select most feasible process reaction or reactions may 
be as follows: 

1. Literature review. 

2. Raw materials considerations (theory, all possible reactions). 

3. Market considerations (curves for all products and all possible raw 
materials, for 15 years). 

4. Lowest possible costs (based on all possible raw materials and theoreti- 
cal yields). 

5. Selection of one or more basic processes. 

Small-scale Experimentation. — The next step should be acqui- 
sition of experimental data through laboratory studies. In this 
laboratory work the students should prepare the commodity 
according to the process selected, for the purpose of acquiring 
necessary data for plant design. All thermal, chemical, and 
physical data not available from literature reviews must be 
acquired. A material balance should be made. In order to 
obtain yield and other general data on process reactions studied, 
the students should follow this order of procedure : 

1. Probable costs (yield and reaction study on 1-lb. batch). 

2. Materials and equipment requirements. 

Observations essential are: 

o. Type of reaction. 

h. Quality of product. 

c. Quantity of product. 

d. General solubility. 

c. Separation characteristics. 

/. Heat considerations. 

g. General operations required. 

Development Laboratory Experimentation. — Following the 
laboratory- or beaker-scale experimentation when the students 
are satisfied as to feasibility of the preparation and have enabled 
themselves to acquire sufficient information to undertake a large 
batch operation, such as 2 to 10 pounds, a ‘‘pail-and-tub’^ proc- 
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ess laboratory study should then be undertaken; attention 
should be paid to the engineering considerations involved in the 
production of the commodity. In order to obtain engineering 
data essential for the design of pilot-plant investigation of the 
production of the commodity selected, the following considera- 
tions may be important: 


1. Procedure essentials. 

2. Raw material characteristics. 

3. Chemical flow sheet. 

4. Corrosion characteristics. 

5. Effect of impurities. 

6. Heat considerations. 

7. Unit operations required. 

8. Material handling. 

9. Storage. 

10. Engineering flow sheet. 


Pilot Plant Design. — A general departure from unit process 
studies is that which involves laboratory data first in pilot-plant 
design. Immediately following the acquisition of laboratory 
data from the beaker and the 2- to 10-lb. batch experimentation, 
a review of pertinent facts on the process should be undertaken, 
using some kind of check list.^ In order to design a pilot plant 
for the production of 100 lb. per day, the following consider- 
ations may be important: 

1. Equipment flow sheets. 

2. Selection of equipment. 

3. Selection of materials. 

4. Procedure necessary. 

6. Labor requirements. 

6. Plan. 

7. Elevation. 

Commercial Unit Calculations. — Then should follow commer- 
cial unit design calculations. The detailed calculations necessary 
to obtain quantitative considerations for the design of the com- 
mercial unit should require the major attention and application of 
mental energy in the design course. The sequence of this phase 
of the study may be according to the following outline: 

1 Chem, Met. Eng., 48 , No. 2 (1936). 
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1. List of laboratory and plant data. 

2. Quantitative reaction calculations. 

3. Equipment calculations. 

4. Flow of materials. 

6. Material balance. 

6. Thermal balance. 

7. Quantitative flow sheet. 

Commercial Unit Design. — The final step in the study should 
be the coordination of all chemical and engineering data obtained 
and their translation into a definite organized unit. Access must 
be had to trade literature for selection of types and specific pieces 
of equipment. Capacities and performance should be studied. 
Preliminary layouts should be attempted, and the best flowing 
arrangement obtained. Organization of the equipment by means 
of templates will give the student a better picture of the possi- 
bilities of different layouts. After arriving at the most desirable 
layout, actual drawing of the plan and elevation of the assembly 
should be undertaken followed by preconstruction costing. In 
order to design a commercial unit, including housing for the pro- 
duction of the specified commodity, the following considerations 
may be important: 

1. Specifications of equipment. 

2. Specifications of materials. 

3. Selection of commercial equipment. 

4. Plan. 

5. Elevation. 

6. Ivocation of plant. 

7. Operating instruction for labor. 

8. Selection of personnel. 

9. Preconstruction costing. 

10. Production costs per unit of material. 

Notebooks. — Notebooks must be kept with a daily log of all 
observations and data. Each page should have a title and date, 
and at the end of each period a brief r^sum6 must be written of 
the day's work, signed by initials of the worker and someone who 
was with him in the laboratory. Notebooks should be deposited 
with the instructors. 

Reports. — Weekly reports to the class are essential, and weekly 
written reports should be made. The student should receive 
practice in presentation. Calculations and reasons for making 
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certain decisions should be presented concisely to the class for 
criticism. The discussions should be informal. 

Final Compilation. — At the end of the year a complete report 
should be turned in which includes all calculations, flow sheet 
material balances, plans, and layouts, and a carefully execut. 
drawing on plans and elevation of the completed plant, with su< u 
detailed drawings as may be necessary to clarify the drawing. 


PROBLEMS 

1 . Prepare an equipment flow diagram. 

2 . Prepare a quantitative flow diagram. 

3 . Write specifications for all equipment. 

4 . Make cardboard cutouts to scale for all pieces of equipment, processing 
and storage facilities. 

6. Draw a complete assembly plan and elevation. 

6. Prepare a bill of materials on all buildings and equipment. 

7 . Prepare a report on possible net earnings of the plant. 

8 . Prepare operating instructions in detail for tuning up the plant. 
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PROJECT PRECONSTRUCTION-COST DATA 


A compilation of the preconstruction-cost data on the ferrous sulfate 
plant project (Chap. IX, p. 197) is given below, with the purpose of showing 
a method of presentation of data and information needed to determine the 
costs of a con tejn plated plant before work can be started on the erection of 
a plant, or even before appropriations are made for the construction of the 
plant. 


1. Reservoir and Neutralizing Tanks 


Excavation at $0.10 per cubic yard 

Acid-proof brick at $70 per thousand + 2 per cent + 20 per cent 

6 tanks at $800 -f 20 per cent 

1-in. brass coil at $0.10 per foot 

12 1- by 1- by 14-ft. bolsters \ on i nnn r* 

An n ‘ U a ' u i o f 4 - u i 4 - > at $180 per 1 ,000 cu. ft 

42 2-in. by 6-m. by 12-ft. bolsters J 

Railing 

140 ft. D^-in. pipe at $0.23 per foot* 

20 “All-slip’’ crosses at $1.40* 

10 “All-slip” caps at $0.45* 

10 square floor flanges at $0.40 

20 anchor bolts at $0.05 

Tank fittings 

12 1-in. brass unions at $1.60* 

12 1-in. brass 90-deg, elbows at $0.63* 

12 1-in. brass nipples at $1.16* 

6 2-in. brass nipples at $2.60* 

6 23-^-in. brass nipples at $3.90* 

12 1-in. flanges at $2.28* 

6 2-in. flanges at $2.35* 

6 23^^-in. flanges at $2.45* 

60 Duriron coil supports at $0.10 per pound 


$ 89.00 

431.00 
5,760.00 

75.00 

453.00 


18.60 

16.10 

2.60 

2.30 

1.00 

11.10 

4.35 

8.00 

9.00 

13.10 

15.70 

8.10 

8.50 

990.00 


Subtotal $7,916.45 

Installation, 20 per cent 1 , 583 . 55 

Total $9,500.00 


1 L«8a 20 per oeat, less 40 per cent, plus 20 per cent. 

425 
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2. Filters and Accessories 

2 Shriver filter presses, flush, iron, by 1 plates and frames 

(24) at $336 $ 672 

Installation and accessories (pumps, piping, strainers) 50 per cent 

on filter costs 33(i’ 


Total cost $1,008 

3. Evaporators 

2 Evaporators, horizontal, copper, cast-iron body, each 400 sep ft. 

evaporating surface at $3,780 $ 7,56C 

3 Pumps 790 

Condensers, 15 per cent of base evaporator costs 1,134 

Accessories, 5 per cent of base evaporator costs 378 

Installation, including setting and lagging, 25 per c(‘nt of l)ase 

evaporator and auxiliaries 2,465 


Total costs $12,327 

4, Crystallizers 

2 Miter gears, diameter 8.36 in.. No. 612, H. Channon Co., at 

$9.10 $ 18.20 

4 Cast-iron split pulleys, diameter 22 in., face, 4 in., at $10.95. . 43.80 

2 7-ft, lengths shafting, 2 in. diameter Link-Belt 17.88 

2 14-ft. lengths shafting, 2 in. diameter Link-Belt 25.76 

2 8-in. quick-opening gate valves. Crane No. 971, at $80 160.00 

2 Cast-steel tees, 8-in., No. 264 D, Crane, at $51 102.00 

6 Cast-steel tees, 8-in., No. 260 D, Crane, at $24 144.00 

22 ft. 8 in. wTought-iron pipe at $2.50 per foot 55.00 

1,160 ft. J^-in. copper coil pipe at 10 cts. per foot 116.00 

6 6-in. H-coluinns, 15 ft. long 123.12 

1 8-in. H-column, 15 ft. long 29.34 

1 8-in. I-beam, 2 ft. long 2.46 

8 Lugs 12.00 

2 7-in. channels, 13 ft. long 16.00 

4 Agitator blades at $2.50 10.00 

2 Wedgegate valves, No. 467, Crane, 8-in., at $90 180.00 

2 Crystallizer tanks, %-in. plate, with cone bottom 2,700.00 


Subtotal $3,747.66 

Plus 26 per cent for installation cost 939 . 14 


Total 


$4,686.70 



APPENDIX D 


427 


5. Centrifugates 

2 Hepworth 30-in. centrifugals; speed 1,200 r.p.in.; 23 to 25 hp., at 

$1,000 each $2,000 

/accessories, 20 per cent of base centrifugal cost 400 

Installation, 25 per cent of base centrifugal cost 600 


Total $3,000 

6. Dryer 

1 American process dryer, C-2, steam-heated air, countercurrent. 


29 ft. galvanized sheet-rnetal vent pipe, 2 ft. diarn 7 

5 Pillow blocks, plain ba])bitted, V/\q in., at $3.20 each 16 

5 ft. steel shafting, I^id in., at $0.60 3 

2 Cast-iron pulleys, 10 in. diam., at $5 each 10 

2 Cast-iron pulleys, 12 in. diam., at $6 each 12 

Installation, 25 per cent of base and accessory costs 887 


Total $4,435 

7. Elevators 

2 Class C vertical elevators, steel casing, two head sections $270 

2 intermediate sections 36 

2 boots, 2-C (Link-Belt) 206 

1 swinging spout, 10 ft 15 

Installation, 25 per cent of base and accessory costs 132 

Total $659 

8. Conveyors 

25 ft. Standard helicoid steel conveyor, 6 in., at $3 per foot $ 75 

1 Countershaft box end, 6 in 27 

1 Right-angle drive, 6 in 45 

1 Box end, 6 in 4 

Installation, 20 per cent of base costs 30 


Total 


$181 
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9. Storage Bin 


(Accepted cost of structural steel in place is $6 per 100 lb.) 


Quantity 

Item and size 

Weight 

Total 

cost 

6 

30-ft. H-coliimns, 6 in. 

22.8 lb. 

$ 246 

4 

9-ft. 6-in. I-beams, 12 in. 

50 lb. 

114 

10 

13-ft. 3-in. I-beams, 5 in. 

12.25 lb. 

98 

2 

13-ft. 3-in. channels, 5 in. 

11.5 lb. 

18 

8 

9-ft. 6-in. angles, 5 by Ke 


, 65 

18 

9-ft. 6-in. angles, 3 by Ke in. 


86 

8 

9-ft. angles, 3 by Li e io- 


36 

2 

7-ft. angles, 3 by in. 


7 

2 

4-ft. 6-in. angles, 3 by Jfe 


5 

3 

9-ft. channels, 4 in. 

6.25 lb. 

10 


1,000 sq. ft. boiler plate 


845 


Total costs (in place) $1,430 


10. Chemical Lines 


Quantity 

Type and size 

Unit price 

Ibtal 

■'46 ft,. 

Cast-iron pipe 

$ 0.24 

$ 10.74 

7 

23'^-in. Cast-iron gale valves 

4.80 

33 60 

2 

23-^-in. Cast-iron crosses 

2.70 

5.40 

1 

234-in. Cast-iron tee 

1.40 

1.40 

60 ft. 

2-in. Duriron pipe 


88.80 

25 ft. 

3-in. Duriron pipe 


15.20 

1 

2-in. Duriron tee 

7.20 

7.20 

2 

2-in. Duriron crosses 

13.50 

27.00 

2 

2-in. Duriron ells 

6.00 

12.00 

1 

3-in. Duriron ell 

6.90 

6.90 

7 

2-in. Duriron plug valves 

26.00 

182.00 

1 

Cameron steam pump, No. 33 


395.00 


Total $ 785.24 

Installation and breakage, 40 per cent 314.10 


Total $ 785.24 

Installation and breakage, 40 per cent 314.10 


Grand total 


$1,099.34 
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11. Steam Distribution 


Quantity 

Size in inches, 
or style 

Material 

Unit price 

Total cost 

2 

No. 22 

Std. wall brackets 

$ 11.00 

$ 22.00 

1 

Style C 

Pipe support j 

2.80 

2.80 

8 

Style J 

Pipe hangers 

3.00 

24.00 

1 

Style SS 

Pipe hangers 

1.60 

1.60 

1 

Style Q 

Solid anchor 

18.75 

18.75 

1 

No. 11 

20-in. rad. expansion band 

15.00 

16.00 

1 

3 

Ex. hvy. C.I. tee (screw) 

3.00 

3.00 

1 

3 

Ex. hvy. C.I. tee (flanged) 

9.15 

9.15 

1 

3 X 4 X IH 

Ex. hvy. C.I. tee (flanged) 

13.50 

13.50 

1 

4X4X3 

Ex. hvy. C.I. tee (flanged) 

13.50 

13.50 

1 

3X3X1 

Ex. hvy. C.I. tee (screw) 

3.76 

3.75 

1 

1 

Ex. hvy. C.I. tee (screw) 

0.56 

0.55 

2 

4X4X1 

Std. C.I. tees (.screw) 

2.00 

4.00 

1 

4 X 4 X 

Std. C.I. tees (screw) 

2.00 

2.00 

1 

4X3X4 

Std. C.I. tees (flanged) 

9.00 

9.00 

1 

4X4X2 

Std. C.I. tees (screw) 

2.00 

2.00 

1 

2X2X1 

Std. C.I. tees (screw) 

0.47 

0.47 

1 


Std. C.I. tees (screw) 

0.23 

0.23 

1 

1'4 X 1>4 X >2 

Std. C.I. tees (screw) 

0.27 

0.27 

3 

1 

Std. C.I. tees (screw) 

0.15 

0.45 

1 

1 

Std. C.I. cross tee (screw) 

0.27 

0.27 

4 

3 

Ex, hvy. C.I. ells (screw) 

2.00 

8.00 

1 

4 

Std. C.I. ell (screw) 

1.20 

1.20 

4 

3 

Std. C.I. ell (screw) 

0.75 

3.00 

1 

2 

Std. C.I. ell (screw) 

0.28 

0.28 

4 


Std. C.I. ell (screw) 

0.16 

0.64 

1 


Std. C.I. ell (screw) 

0.06 

0.06 

1 

1 

Std. C.I. ell (screw) 

0.11 

0.11 

2 

3 

W.I. close nipples 

0.48 

0.96 

4 

4 

W.I. close nipples 

0.85 

3.40 

1 

IH 

C.I. flanged union 

0.64 

0.64 

4 

1 

C.I. flanged unions 

0.52 

2 08 

1 

3 

Solid plug 

0.38 

0.38 

2 

No. 2 

Crane open-float steam traps 

35.00 

70.00 

2 

>'i 

Webster steam traps 

3.55 

7.10 

2 


Radiators 

6.00 

12.00 

1 

3 

No. 7 globe valve 

34.00 

34 00 

2 

4 

No. 71 globe valves 

90 . 00 

180 00 

1 

4 

No. 972 press, reg. valve 

145.00 

145 00 

3 

1^ 

No. 1-B globe valves 

2.52 

7.56 

1 


No. 1-B globe valve 

1 .00 

1.00 

2 

1 

No. 7 globe (h.-p.) valves 

2.80 

5.60 

1 


No. 7 globe (h.-p.) valve 

5.50 

5.50 

7 

1 

No. 1-B globe (l.p.) valves 

1.80 

12.60 

1 

3 

No. 1 globe (l.p.) valve 

14.40 

14.40 

1 

2 

No. 1-B globe (l.p.) valve 

5.30 

5.30 

210 ft. 

3 

Ex. hvy. W.I. pipe 

1.03 

236.30 

20 ft. 

1 

Ex. hvy. W.I. pipe 

0.22 

4.40 

19 ft. 

m 

Ex. hvy. W.I. pipe 

0.30 

5.70 

60 ft. 

4 

Std. W.I. pipe 

1.09 

65.40 

30 ft. 

2 

Std. W.I. pipe 

0.37 

11.10 

46 ft. 

1 

Std. W.I. pipe 

0.17 

7.66 

70 ft. 

3 

Std. W.I. pipe 

0.765 

53 . 55 

112 ft. 


Std. W.I. pipe 

0.23 

25.76 

38 ft. 

}'2 

Std. W.I. pipe 

0.085 

3.23 



Gaskets 


10.00 


Subtotal $1,090.09 

Installation and breakage, 40 per cent 436.04 

Total $1,626.13 
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12, Water Distribution 


Quan- 

tity 

Item and sizes 

Unit cost 

Total 

cost 

35 ft. 

H-in. galvanized iron pipe 

$ 0.086 

$ 2.98 

10 ft. 

^ 4 -in. galvanized iron pipe 

0.116 

1.15 

6 ft. 

1-in. galvanized iron pipe 

0.17 

1.02 

136 ft. 

l> 2 -in. galvanized iron pipe 

0.276 

37.20 

4 

^ 4 -in. brass bibb cocks for hose 

25 . 80 per doz. 

8.60 

2 

H-in- brass, low-pressure, globe valve 

1.00 

2.00 

2 

1^^-in. brass, low-pressure, globe valve 

3.50 

7.00 

1 

5-in. brass, gate valve 

110.00 

110.00 

8 

^ 2 ‘in. malleable iron OO-deg. elbow 

0.10 

0.80 

2 

^ 4 -in. malleable iron 90-deg. elbow 

0.15 

0.30 

12 

IH-in. malleable iron 90-deg. elbow 

0.36 

4.20 

2 

6-in. malleable iron 90-deg. elbow 

4.00 

8.00 

4 

> 2 -in. malleable iron tees 

0.11 

0.44 

1 * 

1^2 X 1 X ^ 4 -in. malleable-iron reducing tees 

0.70 

0.70 

2 ! 

IH X IH X malleable-iron reducing tees 

0.70 

1.40 

2 

IH X IM X ^ 4 -in. malleable-iron reducing tees 

0.70 

1.40 

1 

5 X IH X l^'i-in. malleable-iron reducing tees 

8.00 

8.00 

1 

^ 4 -in. malleable-iron Y-bend 

0.60 

0.50 

3 lb. 

IH-in. tinned straps 

0.18 per lb. 

0.64 

11b. 

^ 4 -in. tinned straps 

0.18 per lb. 

0.18 

2 1b. 

^^-in. tinned straps 

From catalog of James Robertson Manufacturing 
Co. 

0. 18 per lb. 

0.36 

1 

Urinal, Plate G-1600, Glass B 

46.60 

46.60 

1 

Toilet, “Kenwood,” Plate G-910 

33.50 

33.60 

b- 

Toilet, “Acme," Plate G-913 

45.00 

45.00 

1 

Shower head, Plate G-270 

3.30 

3.30 

1 

Wash sink, 36 by 18 inches, Plate G-633 

24.00 

24.00 

1 

Lavatory, “Rowland,” Plate G-458 

15.75 

16.75 


Subtotal ■ $364.82 

Installation and breakage, 40 per cent 156. 


$520.76 


Total 
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13. Sewer Layout and Mother-liquor Return 


Quantity 

Items and size 

Unit price 

Total 

9 

10 X 10-in., 2-in. outlet floor drains 

$ 0.60 

$ 5.40 

2 

5-in. dia. 2-in. outlet floor drains 

7.00 

14.00 

125 ft. 

2-in. W. I. std. pipe 

0.37 

47.25 

110 ft. 

2-in. C. I. soil pipe std. single hub 

0.26 

28.60 

25 ft. 

4-in. C. I. soil pipe std. single hub 

0.46 

11.50 

50 ft. 

8-in. C. I. soil pipe std. single hub 

1.40 

70.00 

50 ft. 

6-in. C. I. soil pipe std. single hub 

0.70 

35.00 

14 

2-in., 45-deg. elbows 

0.40 

6.40 

1 

4-in. check valve 

27.00 

27.00 

2 

4 X 2 X 4-in. Y’s 

0.85 

1.70 

1 

4 X 8-in. reducer 

2.50 

2.50 

3 

2 X 8-in. tees 

6.00 

18.00 

30 ft. 

10-in. terra-cotta 


10.00 

6 

2 X 6-in. Y's 

1.80 

10.80 

1 

2 X 2 X 2-in. long Y 

2.25 

2.25 

1 

6 X 4 X 6-in. tee 

1.80 

1.80 

1 

6 X 4 X 4 X 6-in. double Y 

6.15 

6.15 

4 

4-in. 45-deg. elbows 

0.60 

2.40 

1 

Manhole and cover, 257 lb. 

0.07 

18.00 

650 

Bricks for manhole 

0.02 

13.00 


Excavation for manhole 


5.00 


Subtotal $336.00 

Installation, breakage, 40 per cent 134.40 


Subtotal $336.00 

Installation, breakage, 40 per cent 134.40 


Total 


$470.40 
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14. Power Shafting 


Quan- 

tity 

1 

Item 

Unit 

pri(;e 

Total 

5 

Dodge adjustable ball-and-socket bracket 
hangers 

$14.95 

$ 74.75 

6 

Dodge adjustable ball-and-socket post hangers 

15.95 

79.75 

2 

Dodge adjustable ball-and-.sock(*t drop hangers 

4.95 

9.90 

42 ft. 

Dodge round steel shafting (2,^10 in.) 

1.00 

42.00 

29 ft. 

Dodge round steel shafting (2f*iG in.) 

1.00 

29.00 

6 ft. 

Dodge round steel shafting in.) 

1 .00 

6.00 

6 

Dodge steel .split pulleys (4 X 12 in.) 

4.65 

23 . 25 

2 

Dodge steel split pulleys (8X6 in.) 

4.60 

9.20 

2 

Dodge steel split pulleys (8 X 16 in.) 

8 25 

16.50 

2 

Dodge steel .split pulleys (6 X 12 in.) 

5.35 

10.70 

3 

Dodge steel split pulleys (6X6 in.) 

4.05 

12.15 

1 

Dodge steel split pulleys (5 X 10 in.) 

4.35 

4.35 

1 

Dodge steel split pulleys (17 X 30 in.) 

24.75 

24.75 

320 ft. 

Dodge rubber belting (4 in.) 

1 00 

320.00 

96 ft. 

Dodge leather belting (6 in.) 

1 80 

172.80 

44 ft. 

1 Dodge leather belting (10 in.) 

3.60 

158.40 


Subtotal 993.50 

Installation, 25 per cent 248.25 


Subtotal 993.50 

Installation, 25 per cent 248.25 


’Total SI ,241.75 

15. Electrical Equipment 

45 Outlets at SI. 75 S 79.75 

300 ft. conduit at S9.00 per 100 ft 27.00 

4 Extension cords 16.00 

12 Single-pole switches G . 00 

3 Distrib\iiion cabinets 21.00 

Installation, 20 per cent 29.95 


S 179.70 

1 60-hp., 220-volt, a.-c. slip-ring, induction motor 1,580.00 

Wiring and accessories 150.00 

Installation, 20 per cent 346.00 


Total 


$2,265.70 
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16. Excavations and Foundations 
Curtain wall excavation: 280 ft. by 4 ft. deep by 16 in. wide = 63 cu. 


yd. at $3 per cubic yard $ 189 

Concrete floor, 6 in. thick, 90 by 30 ft 60 cu. yd. 

34 by 32 ft 21 cu. yd. 

Piers, 24 at 0.5 cu. yd. each 12 cu. yd. 

Equipment foundations 9 cu. yd. 

Curtain walls 32 cu. yd. 

Total 124 cu. yd. 

at $12 per cubic yard 1 ,488 


Total $1,677 


17. Runway 

Costs of Materials 

190 ft. of 2 X 12 in $ 68.40 

724 ft. of 2 X 6 in 130.32 

338 ft. of 4 X 4 in 54.00 

182 ft. of 2 X 4 in 21.78 

84 ft. of 2 X 2 in 5.04 

8 lb. of 16-pcnny nails 0.32 

8 lb. of 20-penny nails 0.32 

4 lb. of 40-penny nails 0.16 

Costs of Labor 

16 hr. for 2 carpenters at $1 per hr. per man 32.00 


Total 


$312.34 
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Accounting, cost, 306-365 
Acid eggs, 70 

Administration cost (table), 352 
Agitator dryers, 284 
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horsepower transmitted by, 157 
transmission of power by (table), 
157 

requirements, 155 
V-belts and sheaves, 158 
Bends, pipe, 42 
cost of (table), 344 
Bibliographic references, costs, full, 
361-363 

equipment, 364-365 
development, 184-185 
equipment, 288 
fixed charges, 361-363 
flow diagrams, 212-213 
marketing and distribution, 183- 
184 

materials of construction, 287-288 
patents, 186-187 
plant layouts, 304-305 
plant location, 382-383 
safety, 185-186 
sanitation, 383-385 
wastes, industrial, 383-385 
Blow cases, 70 
Blower heating (table), 138 
Board, conference, 176 
Boiler capacities for steam engines, 
142 

Boiler plant, cost of (table), 340 
Bucket elevators, 238 
cost and performance of (table), 

323 
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Budgets, and production, 309-310 
chart, 309 

and variable production, 309 
Buhrstone mills, 243 
Buildings, 94-140 

cost of (table), 314, 315 
design of standard, 107 
equipment, selection of. 111 
fire protection for, 111 
piping and hose for, 118 
flat-roof, 96 
flooring for, 99 
materials of, 100 
properties of various (table), 
102-103 
hazards in, 173 
heating of, 136 
table, 137 
illumination of, 119 
industrial, 94, 95 
materials of construction for, 99 
multi-story, 94, 95 
pitch-roof, 96 
in plant layout, 295 
roofs for, 104 
loads on, 106 

'•wind and snow (table), 107 
safety in, 107 

weight of different surfaces for 
(table), 107 
sawtooth, 96 

selection of equipment for. 111 
single-story, 94, 95 
as a technical factor in design, 
166 

types, 108, 110 
walls and framework for, 101 
materials for, 101, 104 

C 

Cabinet driers, 283 
Cage mills, 245 

Capacities of equipment (tables), 
321-326 

centrifugals, batch (table), 265 
continuous (table), 264 
conveyors, apron (table), 322 


Capacities of equipment, conveyors, 
belt (table), 322 
screw (table), 323 
suction (table), 323 
crushers, cone (table), 325 
crushing rolls (table), 342 
elevators, bucket (table), 323 
extractors, centrifugal (table), 323 
filters, plate and frame, 328 
table, 329 

pressure-leaf (table), 330 
vacuum (tables), 331-332 
heat transfer, 333-338 
materials handling, 321-324 
mechanical separation, 328-333 
mills, attrition, 327 
ball, 326 

hammer (table), 328 
pebble (table), 325 
rod (table), 326 
tube, 325 

mixers (table), 333 
pipe, sewer (table), 29 
water (table), 88 
pipe line, 345 

pumps, centrifugal water (table), 
341 

reciprocating (table), 341 
screens, Hum-mer (table), 328 
size-reduction (tables), 324-328 
storage (tables), 338-339 
water pipes (table), 338 
water towers, 338 
Capital costs, 352-353 
Catalogue, chemical engineering, 180 
Centrifugal extractors (table), 265 
Centrifugal pumps, 74-75 
capacities and performance (ta- 
bles), 77, 341 
Centrifugal roll mills, 245 
Centrifugal separators, 263-266 
continuous (table), 264 
Centrifugals, batch, 264 
capacity (table), 265 
Centrifuges, 266 
Chain conveyors, 236 
Chain drives, 158 



INDEX 


437 


Check diagrams, 176 
graph 177 
(/heck list, 171 

Chemical engineer, definition of, 1 
('hemical engineering, catalogue, 180 
definition of, 1 
equivalents, 394-395 
plant layout and elevation, 289- 
305 

publications, 181 

Chemical industry, hazards in, 173, 
234 

(^hemical plants, location of, 366- 
385 

('hemical process lines, problems in 
design of, 412 
Circuits, motor, 148 
(lassifiers, 255 
cost of, 33 

Climatic conditions, as factor in 
plant location, 379 
Cloth, filter, 263 
screens, 252 
Clutches, friction, 153 
Codes, plumbing, 27, 86 

piping, American Institute of 
C'hemical Engineers (table), 
49 

Coefficients of heat transfer (table), 
396 

C'offee mills, 243 
Collars, safety, 153 
Colloid mills, 270 
Column, pipe supports (table), 26 
Compressors, steam-jet, 68 
water-jet, 68 
Concentrators, 255 
Concrete, proportioning of (table), 
25 

Condensers, 276-277 
cost of, 335 

data required for Selection of, 278 
Cone crushers, 242 

capacity and performance of (ta- 
ble), 325 

cost of (table), 325 
Conference board, 176 


Construction in design, 178 
Continuous centrifugals, 264 
capacity and performance (table), 
264 

Continuous conveyor dryers, 283 
Ckmtinuous crystallizer, 280 
(bntracts in process development- 
175 

Conversion tables, energy, 391 
temperature, 392-393 
units, 394-395 
volumes and weights, 390 
Conveyors, 235-237 
apron, capacity and performance 
(table), 322 
cost of (table), 322 
belt, 235 

capacity and performance (ta- 
ble), 322 

cost of (table), 322 
chain, 236 
pneumatic, 237 
roller, 236 

screw, 236 » 

capacity and performance of 
(table), 323 
cost of (table), 323 
suction, capacity and performance 
(table), 324 
cost of (table), 323 
Cooling towers, 277-278 

data required for selection of, 278 
Cost accounting, preconstruction, 
306-365 

Cost estimation, 306-307 
CosiSy administration (table), 352 
annual, 359 
barrels, 339 
boiler plant, 340 
bucket elevators (table), 323 
building (table), 314, 315 
excavation for, 314 
flooring for, 314 
table, 316 

foundations for, 314 
heating installations in (table), 
320 
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Costs, building, lighting equipment 
for (table), 321 
roofs for, 315 
table, 31^320 
walls for, 315 
table, 317-318 
capital, 352 

chemical plant (table), 351 
depreciation, 353-359 

rates of, for equipment (table), 
354-358 

distribution (table), 351 
drying lumber (table), 337 
drying granular solids (table), 
338 

electricity in each state, 312 
economic, 171 
equipment, 321-346 
heat transfer, 333-338 
condensers (graph), 335 
crystallizers, 335 
distillation, 335-336 
distillation columns (table), 
336 

dryers, 336 
table, 337 

^evaporators (graph), 334 
fractionating columns, 335 
kettles (table), 333 
materials-handling, 321-324 
conveyors, 322-324 
apron (table), 322 
belt (table), 322 
screw (table), 323 
suction (table), 323 
elevators, bucket (table), 323 
platform, 324 
wagon unloaders, 324 
mechanical separation, 328-333 
classifiers, 333 
dewaterers, 332 
extractors (table), 332 
filters, 328-332 
tables, 329-331 
screens (table), 328 
thickeners, 333 

mixing, plain and jacketed 
(table), 333 


Costs, equipment, mixing, kettles 
(table), 333 

size-reduction, 324-328 
crushers, cone (table), 325 
roll (table), 327 
mills, attrition, 327 
ball, 326 

hammer (table), 328 
pebble (table), 327 
rod (table), 327 
tube, 326 
whirlbeatcrs, 327 
erection (table), 346-347 
excavation, 314 

fixed charges, references on, 361- 
363 

flooring, 314 
table, 316 
foundations, 314 
full costs, references on, 361-363 
heating installations (table), 320 
installations (table), 346 
labor, 349 

lighting equipment (table), 321 
maintenance (table), 349 
management, 350 
table, 351 

marketing (table), 350-351 
materials, raw, 311 
operation for lighting, 123 
pipe fabrication (table), 344 
pipe lines, 342, 346 
piping, graph, 345 
table, 342 

power (table), 347, 348 
preconstruction, example, 425-433 
table, 359-361 

process costs, references on, 364- 
365 

production (table), 350-351 
pumping (graph), 343 
pumps (table), 341 
raw materials, 311 
references on, 361-365 
refrigeration, 320 
repairs (table), 350 
roofs (table), 318-319 
selling (table). 351-352 
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Costs, steam plant (table), 340 
supplies, 349 
tanks, 338 
vats, 338 
walls, 315 
table, 317-318 
Countershaft units, 153 
Couplings, 152 

Crushers, capacity and performance 
of (table), 324-325 
cone, 242 

cost of (table), 325 
gyratory, 242 
jaw, 242 
roll, 242 

capacity and performance (ta- 
ble), 327 

cost of (table), 327 
Crushing equipment, 240 
rolls, 242 

selection of, 240-242 
Crystallization, 278-281 
Crystallizers, 278-281 
batch, 280 
continuous, 280 
vacuum, 281 

Crystallizing evaporators, 279 
Cycloidal p\unps, 79 

D 

Data, laboratory, 197 
semi-works, 197 

Data sheets, for air-separation equip- 
ment, 256 

for belt conveyor, 238 

for classiher, 256 

for condenser, 278 

for cooling plant, 279 

for drier, 286 

for dust collection, 249 

for evaporator, 276 

for filter, 260, 261, 262 

for heat exchanger, 278 

for milling equipment, 247 

for mixer, 271 

for pump, 76 

for rope drive, 160 


Data sheets, for screening equip- 
ment, 253 

for water treatment, 83 
Decantion and settling, 263 
Depreciation, 353-358 
table, 354-358 
Design, basis for, 4 
of commercial unit, 423 
conference board on, 176 
check list, 171 
drainage, rules of, 34, 35 
factors of, 165 
feasibility, 162 
table, 163 
of foundations, 24 
of illumination, 123 
organization of (chart), 177 
of pilot plant, 422 
piping, 46 

problems in, 409-416 
projects in, 417-419 
pumping, 80 
reports, 423 

special equipment, 214-215 
standard buildings, 107 
standard equipment, 214 
wheel chart, 165 
Detail drawings, 8 
Development of projects, 162-186 
cooperation in, 170 
economic considerations in, 171 
the laboratory in, 174 
legal phases in, 174 
outline of, 162-163 
references on, 183-184 
safety considerations in, 172 
technical factors in, 164, 167 
Dewaterers, cost of, 332 
Diagrams, 188-213 
check, 176 
graph, 177 

equipment flow, 188, 199 
pictorial, 196 

references on, 213-213 
qualitative flow, 188, 189, 195 
quantitative flow, 194 
sketches, 4 

as technical factor, 164 
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Diaphragm pumps, 74 
valves, 45 
Dimensioning, 12 
Direct-fired evaporators, 274 
Disk filters, vacuum, 259 
Disposal, waste, factor in plant 
location, 377 
references on, 383-385 
safety considerations in, 174, 378 
Distillation equipment, cost of, 335, 
336 

Distribution, references on, 183-184 
Distribution costs (table), 351 
Drag-line scrapers, 237 
Drainage, 27-36 
assembly plan of, 35 
effluents for, 27 
elements of design of, 34 
fittings for, 31 

problem in design of, 410-411 
sanitary, 33 
symbols for, 35 
systems, testing of, 34 
tile, 28 
Draining, 257 
Drains, capacity of, 28 
table, 29 
cleaning of, 30 
floor, 31 

under processing equipment, 33 
Drawings, 5 
assembly, 6, 7 
plan of, 7 
detail, 8 
pipe, 46 
working, 5 
Drives, chain, 158 
for pumps, 81 
rope, 157 

data sheet for, 160 
Drum filters, exterior, 259 
internal vacuum, 259 
Dryers, agitator, 284 
atmospheric cabinet, 283 
automatic continuous, 283 
capacity of (table), 285 
chamber, vacuum, 283 
classification of, 282 


Dryers, cost of, 336 
graph, 336 
data sheet for, 286 
drum, 284 

Dryers, rotary, 284, 338 
spray, 287 
vacuum, 283 
Drying, 281-287 

cost of, granular solids (table), 
338 

lumber (table), 337 
K 

Economics, as a factor in develop- 
ment, 171 

in pipe selection, 91 
in plant location, 377 
table, 378 
Edge runners, 243 
Effluents, 27 

Ejectors, steam- jet siphons, 69 
Electric charge on belting, 156 
Electric equipment, cost of (table), 
321 

Electric motors, 143 
application of, 145 
chart, 144-145 
erection cost of (table), 348 
Electric power, 142 
cost of (table), 348 

in each state (table), 312 
Electrical symbols, 122 
Electrostatic separation, 252 
Elevation and layout, 289-305 
sketches of, 296-303 
Elevators, bucket, 238, 239 
cost of (table), 323 
portable platform, cost of, 324 
PJiutriators, 255 
Emergency lighting, 121 
Energy, interconversion table, 391 
Engines, steam, capacities of (table), 
142 

Enthalpy diagram, 62 
Equipment, assembly, problems in 
design of, 414 
building, selection of, 111 
classification of, 190-193 
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Equipment, costs of, 321-346 

depreciation rates on (table), 
354-358 
diagrams, 188 
evaporation, 273-276 
foundations for, problems in de- 
sign of, 40(1-410 
layout of, 293 
lighting of, 121 
materials-handling, 232-239 
mechanical separation, 248-266 
milling, 239-248 
mixing, 268-271 
process, 214-288 
hazards in, 234 
safety considerations in, 172 
references on, 288 
selection of, 214-288 
of types for service, 219 
shelter for, 97 
size-reduction, 239-248 
sketching of, 6, 414 
special, 214 
standard, 214 
study of types, 219 
as a technical factor, 164 
Equivalents, chemical engineering, 
394-395 

energy (table), 391 
metric (table), 387-388 
temperature (table), 392-393 
volumes and weights (table), 390 
water (table), 399 

Erection costs, of equipment (table), 
346 

of motors (table), 347 
Evaporation, 272-276 
Evaporators, 273-276 
classification of, 273 
cost of, 334 
graph, 335 
crystallizing, 279 
data sheet on, 276 
direct-fired, 274 
horizontal-tube, 274 
inclined-tube, 275 
operation of, 273 
special-tube, 275 


Evaporators, vertical-tube, 274 
Excavations, 17 
cost of, 314 

Exchangers, heat, 276-277 
Exhausters, steam -jet, 68 
water-jet, 68 
Expansion of plant, 294 
Expansion of pipes, thermal (table). 
43 

Expansion bends, 42 
Expansion joints, 42 
Experience, personal, 182 
Expositions, 182 

Extractors, centrifugal, cost of (ta- 
ble), 332 

F 

Factories, heating requirements of, 
136 

Factors, of design (wheel chart), 165 
in planning layout, 290 
in plant location (table), 367, 368 
wheel chart, 366 
economics in, 171 
Factory costs (table), 350 
Feasibility of design, 162 
Ferrous sulfate, project data on, 
197-213, 417-418 
cost data on, 359-361, 425-433 
Filters, 259-260 

capacity of (tables), 329 
cloths, 263 

cost of (table), 329-331 
drum, exterior, 259 
internal vacuum, 259 
presses, 260 

performance of (table), 329, 
330 

pressure-leaf, 261 

performance of (table), 330 
vacuum continuous, 259 
performance of (table), 331 
Filtration, 258-263 
gravity, 258 
vacuum, 258-259 
Fire extinguishers, 118 
characteristics of (table), 113 
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Fire hazards of chemicals (table), 
114-118 
Fire pails, 118 
Fire protection, 111, 11 
hose for, 118 
Fire pumps, 111 
Fire sprinklers, automatic, 111 
Fittings, 39-46 
conventions, 47 
pipe, flanged, 40 
screwed, 39 

problems in design of, 412-413 
resistance to flow (graph), 92 
table, 408 
symbols, 47 

Fixed charges, references on, 361- 
363 

Flammable materials (table), 114- 
118 

Flanged pipe (table), 404 
Flat-roof buildings, 96 
Flood lighting, 121 
Floor drains, 31 
Floor space, 294 
Flooring, 99 
cost of, 314 
table, 316 

materials of construction for, 100 
properties of (table), 102 
Flow, resistance to (table), 408 
Flow of materials, 202 
Flow diagrams, 188-213 
equipment, 188, 199 
pictorial, 196, 212-213 
problem in design of, 416 
qualitative, 188, 189, 195 
quantitative, 194 
reading references on, 212-213 
as a technical factor, 164 
Flow mixers, 268 
Flow sheets, 199 
Fluid flow (chart), 89 
Foundations, 13-26 
bolt installation, 19 
concrete for (table), 25 
costs of, 314 
cribbing for, 20 
design of, 24 


Foundations, for equipment, 18 
multiple, 17 

problems in design of, 409-410 
single, 17 
solid, 20 

for tanks, 19, 21-24 
types of, 17 

Fractionating column, cost of (ta- 
ble), 335 

Framework of buildings, 101 
materials for, 104 
Friction clutches, 153 
Frost, depth of penetration, 14, 15, 
16 

Frost line, 13 
Full costs, 171 

reading references on, 361-365 
G 

Gases, molecular weights, 90 
Gear pumps, 78 
Gear reduction units, 159 
Granular solids, cost of drying 
(table), 338 
Gravity filtration, 258 
Grinding, classification of, 240 
selection of, 240-242 
Grizzlies, 250 
Gross income, 359 
Gyratory crushers, 242 
Gyratory screens, 250 

H 

Hammer mills, 245 

capacity and performance of (ta- 
ble), 328 

cost of (table), 328 
Handbooks, engineering, 179 
Hangers, 53, 151 

Hazards in chemical industry, 114- 
118, 173, 234 
in buildings, 172 
to labor, 172 

to process equipment, 172 
Heat, internal sources of (table), 137 
steam, 132 
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Heat exchangers, 276-277 
data required for, 278 
Heat transfer, equipment, cost of, 
333-338 

overall coefficients (table), 396 
Heating, 128 

air, B.t.u. required for (table), 138 
factory buildings, requirements 
for, 137 
table, 136 

installation, cost of (table), 320 
Heating systems, 131-131 
blower (table), 134 
hot air, 132 
hot blast, 134 
hot water, 132 
problems in design of, 415 
steam, 132 
types of, 131 
unit heaters, 134 
Hoist, skip, 238 
Homogenizers, 271 
Horizontal-tube evaporators, 274 
Hose for fire protection, 118 
size of, 118 

Humidity control, 129 
Hydraulic jigs, 255 
Hytor, Nash, 79 

I 

Illumination, 119-128 
in chemical plant design, 123 
requirements, 123 
table, 124-127 
natural, 120 
problem in design, 415 
Inclined-tube evaporators, 275 
Income, gross, 359 
net, 359 

Industrial buildings, 94-97 
Industrial plant wiring, 147 
Infringement of patents, 174 
Ink lines, character and weight of, 
9, 10 

Installation, of overhead piping, 
53-55 


Installation, problem in design of, 
412-414 

of underground piping, 51-52 
Installation costs (table), 346 
Insulation of piping, 63 
application of, 65 
efficiency of (table), 63 
fireproof, 66 
selection of (chart), 64 
temperature limits, 64 
weatherproof, 66 
Interconversion tables, 387-393 
energy (table), 391 
metric (table), 387-389 
temperature (table), 392-393 
volumes and weights (tables), 390 
Interest on investment, 353 
Internal heat, sources of (table), 
137 

Investment, capital, 352 
interest on, 353 
plant, 353 

J 

Jacketed kettles, capacity of (table), 
333 

cost of (table), 333 
Jaw crushers, 242 
Jet pumps, steam, 68 
water, 68 

Jigs, hydraulic, 255 
Joints, expansion, 42 
pipe, 40, 42 
solder, 40 

K 

Kettles, 333 

capacity and cost (table), 333 
mixing, capacity and cost of 
(table), 333 

L 

Labor, considerations for, 172 

cost of, in pipe fabrication (table), 
344 

safety considcrationa for, 174 
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Labor, shelter for, 97 

sources of, in plant location, 373 
Labor costs, 343-349 
Laboratories, manufacturers^ 182 
place in development program, 
167 

Laboratory data, 197-198 
Land, a factor in plant location, 
375 

Layout of wiring systems, 147 
Layout and elevation, 289-305 
the building in, 295 
factor in planning, 290 
in .design, 166 
floor space in, 294 
piping, 50 

plant expansion, 294 
principles of, 290-291 
reading references on, 304-305 
sketches of, 296-303 
utilities servicing, 294 
Leaf filters, 261 
Legal contracts, 175 
Legal phases, 174-175 
in patents, 174 
in process developments, 165 
in public relations, 175 
Lettering, 9 
Lifts, air, 70 

Lighting, cost of (table), 321 
emergency, 121 
flood, 121 

fundamentals of, 121 
illumination required, 121 
table, 124-127 
operating costs, 123 
reflective values of paints, 127 
table, 128 

Lighting equipment, 121 
costs of (table), 320 
Lines, character and weight of, 9 
frost depths, 13 
reference for foundations, 13 
Literature, trade, 181 
Loads, bearing, of soil, 13 
table, 15 
on roofs, 106 

snow and wind (table), 107 


Location, of chemical plants, 366- 
385 

economic factors of (table), 367 
as a factor in development, 166 
factors in, 367 

climatic conditions, 379 
labor sources, 373 
land, 375 
market, 369 
ordinances, 375-376 
power, 375 

public improvements, 377 
quantitative analysis of, 370- 
380 

raw materials, 369 
(table), 370-371 
relation to other industries, 377 
table, 378 
transportation, 372 
utilities, 377 
waste disposal, 377 
water, 374 
wheel chart, 366 
problem in design, 416 
of pumps, 80 

reading references on, 383-389 
as a technical factor, 166 
Lumber, cost of drying (table), 337 

M 

Magnetic separation, 252 
Maintenance and supplies, costs 
(table), 350 

Management costs, 349 
and market costs (table), 350-351 
Manufacturers' equipment labora- 
tories, 182 

Market, as factor in plant location, 
369 

and management costs (table), 
350-351 

as technical factor, 164 
Market surveys, in design, 164 
Marketing new product, 163 
Material balance, 200-201 
Materials, flow of, 202 
raw, cost of, 311 
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Materials, specific gravity of (table), 
405-407 

weights of (table), 405-407 
Materials of construction, for build- 
ings, 99 

for equipment, 216-219 
as factor in plant location, 369- 
371 

for flooring, 99 
for framework, 101 
metallic, selection of (table), 225- 
232 

nonmetallic, selection of (table), 
220-224 
for piping, 37 
plan for selection of, 217 
project data on, 197 
for pumps, 80 

reading references on, 287-288 
for roofs, 104 
selection of, 217 
charts, 218 

specification for pipe, 41 
for walls, 101 

Mater ials-hand ling equipment, 219- 
239, 304 

capacity and performance of (ta- 
ble), 321-324 
classification of, 232-233 
cost of (table), 321-324 
in layout, 304 
selection of, 235 
Measures (tables), 389 
Mechanical separation equipment, 
24^266 

cost of (tables), 328-333 
Mechanism, variable-speed, 160 
Metallic materials of construction 
(table), 225-232 

Metric equivalents (table), 387-388 
Milling equipment, 239-248 
capacity and performance (tables), 
324-328 

classification of, 240 
cost of (table), 324-328 
data required for, 247 
selection of, 240-242 


Mills, 242-245 
attrition, 243 
cost of, 327 
ball, 244 
cost of, 328 
buhrstone, 243 
cage, 245 

centrifugal roll, 245 
coffee, 243 
colloid, 270 
hammer, 245 

capacity and performance of 
(table), 328 
cost of (table), 328 
pebble, 244 

capacity and performance of 
(table), 327 
cost of (table), 327 
rod, 244 

capacity and performance of 
(table), 327 
cost of (table), 327 
roller, 245 
tube, 244 
cost of, 327 
Mixers, arm, 269 

capacity and performance of 
(table), 333 
choice of, 271 
colloid mill, 270 
cost of (table), 333 
flow, 268 

homogenizers, 271 
materials of construction for. 278 
miscellaneous, 270 
paddle arm, 269 
power consumption of, 271 
propeller, 269 
turbine, 270 
Mixing, 266-272 
kettles, 333 
cost of (table), 333 
processing equipment, 272 
Moisture, effect on grinding, 245- 
247 

Montejus, 70 
Motors, 143 
application of, 144 
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Motors, cost of (table), 146, 340 
erection cost of (table), 347 
selection of (chart), 144-145 
Motor circuits, 148 
Motor power, 142 
Multi-story building, 94-95 

N 

Nash hytor, 79 
Natural illumination, 120 
Net income, 359 

Nonmetallic materials of construc- 
tion (table), 220-224 
Notebooks in design laboratories, 
423 

O 

Operating and labor costs, 348 
Operating for lighting, 123 
Operations, unit, classification, 190- 
193 

in design organizations, 176, 178 
Ordinances as factor in plant loca- 
tion, 375-376 

Organization for design (chart), 177 
Over-all heat-transfer coefficients 
(table), 396 

Overhead piping installation, 53-55 
P 

Paddle mixers, 269 
Paint, light reflective values (table), 
128 

Patents, 174 
infringements of, 174 
out-of-date, 175 
reading references on, 186-187 
Pebble mills, 244 

capacity and performance (table), 
327 

cost (table), 327 

Performance and capacity of equip- 
ment, centrifugals, batch 
(table), 265, 332 


Performance and capacity of equip- 
ment, centrifugals, continuous 
(table), 264 

conveyors, apron (table), 322 
belt (table), 322 
screw (table), 323 
suction (table), 324 
extractor, centrifugal, 265, 332 
filter, plate and frame, 328-329 
pressure-leaf, 330 
vacuum, 331-332 
materials-handling (tables), 321- 
324 

mechanical separation (tables), 
328-333 

mills, hammer (table), 328 
pebble (table), 327 
rod (table), 327 
mixers (table), 333 
pumps, centrifugal (tables), 77, 
341 

reciprocating (table), 341 
screens (table), 325 
Periodicals, chemical engineering, 
181 

Personal experience, 182 
Pictorial diagrams, 196 
Pi(;torial flow sheets, references on, 
211-213 

Piers, cribbing, 20 
solid, 20 

Pilot plant, 168-169, 422 
Pipe, 37-57 
bends, 42 

cost of (table), 344 
bursting pressure of, 403 
capacities of (table), 400-401 
cast iron flanged, dimensions 
(table), 404 

column supports (table), 26 
conventions, 48 
cost of (table), 342 
drain, cleaning of, 30 
expansion, thermal (table), 4? 
fittings, 39 
flow of water in, 88 
table, 89 
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Pipe, installation of, problems in 
design, 412-413 
joints, 32 
materials for, 37 

power consumption in (table), 43 
selection of size for steam, 58-59 
sewer, capacities of (table), 29 
sizes, 38 

table, 402-403 
screw fittings, 39 
specifications for (table), 41 
steam, 57-58 
supply (table), 60 
supports for, 54-56 
symbols for, 47 
thermal expansion (table), 43 
working pressures of, 39 
Piping, 37-57 

code, American Institute of Chem- 
ical Engineers (table), 49 
cost of (table), 342 
design for, 46 
principles of, 46 
drawings, 46 
developed, 51 
single plane, 51 
fabrication of (table), 344 
fire protection, 118 
installation, overhead, 53 

problems in design of, 412-413 
underground, 51 
insulation of, 63-64 
layout of, 50 
sketches of, 49 
solder-joint, 40 
steam, 57-58 
supports for, 54-56 
suspended, 33 
symbols for, 47 
welding costs (table), 344 
Pitch-roof buildings, 96 
Plan of attack for design, 2-3 
Plan and elevation, 292 
methods of studying, 292 
sketches of, 296-303 
Planning layout, essential factors in, 
290 


Plant, commercial, 169 
costs of (tables), 351-352 
design of, 2 
expansion of, 294 
factors in location of (tables), 
367, 368 

economics in, 368 
wheel chart, 366 
investment in, 353 
layout and elevation of, 289-305 
equipment in, 293 
factors in, 290 
principles of, 290-291 
reading references in, 304-305 
sketches of, 296-303 
storage in, 292 
location of, 366-385 
factors in (tables), 367, 368, 
378-381 

reading references on, 382-385 
wheel chart. 366 
pilot, 168 

plan and elevation of, 292 
visits to, 182 
wiring of, 147 
Plant location, 366-385 
problem in design, 416 
Plumbing codes, 27, 86 
Pneumatic conveyors, 237 
Power, consumption, in mixers, 271 
in pipes (table), 93 
cost of (table), 312 

for size-reduction (table), 324 
electrical, 142 

factor in plant location, 375 
and power transmission, 141-161 
problem in design of, 414 
requirements in size-reduction (ta- 
ble), 324 
sources of, 141 
steam power, 141 

Preconstruction cost accounting, 
308-365 

project data on, 359-361 
Presses, filter, 260-263 

capacity and performance of (ta- 
ble), 329-330 
cost of (table), 330 
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Pressing, 267 

Pressure, bursting, of pipe, 403 
working, of pipe, 39 
Pressure leaf filters, 261 
capacity and performance of (ta- 
ble), 330 

cost of (table), 330 
Pressure pumps, 72 
Priming of centrifugal pumps, 77-78 
Problems in elementary design, 409- 
416 

Process equipment, 214-288 
depreciation rates (table), 354- 
358 

drains under, 33 
hazards in, 173 
safety considerations for, 172 
selection of, 214-288 
Process lines, problem in design of, 
412-413 

Process steam, 57 
Production costs (tables), 359-361 
and budget, 309 
graphic basis for, 309 
Projects, data on material, 197 
design, 417-419 
development of, 162-188, 421 
outline of, 3 

preconstruction cost data on, 359- 
361, 425-433 

preliminary survey on, 420-421 
selection of, 420 
statement of, 420 
Propeller mixers, 269 
Public relations, 175 
Public improvements, factor in plant 
location, 377 

Public utilities, factor in plant loca- 
tion, 377 

Publications, chemical engineering, 
181 

Pulleys, 153 
Pumping, 80-83 
cost of (table), 341 
design of, 80 
water, 83, 85 
data sheet on, 76 


Pumps, 67-80 
acid eggs, 70 
air lifts, 70 
barometric legs, 70 
centrifugal, 74-80 

capacities of (tables), 77, 341 
data sheet on, 76 
multistage, 75 
priming methods for, 77-78 
single-stage, 74 
classification of, 67 
cost of (table), 341 
cycloidal, 79 
diaphragm, 74 
drives for, 81-82 
ejectors, 69 
exhauster, 68 
gear, 78 
jet, steam, 68 
water, 68 
location of, 80 

materials of construction for, 80 
Nash hytor, 79 
performance of (table), 341 
piston and plunger, 71 
classification of, 71 
pressure, 72 
reciprocating, 71-74 
capacity of (table), 73 
rotary, 74 
screw, 78 
sliding vane, 79 
solids, 237 
trade, 72 

Purification of air, 129 

Q 

Qualitative flow diagrams, 186 
Quantitative analysis of plant-loca- 
tion factors, 379-380 
Quantitative flow diagrams, 194 
Quantitative flow sheets, 211 
references for pictorial, 212-213 
Quantitative summary of ferrous 
sulfate project, 197-211, 359- 
361, 425-433 
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R 

Radiation losses, 134 
Raw materials, costs, 311 
as a factor in plant location, 369 
table, 370-371 

Reading references, development, 
184-185 
equipment, 288 
equipment costs, 364-365 
fixed charges, 361-363 
flow diagrams, pictorial, 212-213 
full costs, 361-363 
market and distribution, 183-184 
materials of construction, 287-288 
l)lant layouts, 304-305 
plant location, 382-385 
patents, 186-187 
safety, 185-186 
sanitation, 383-385 
wastes, industrial, 383-385 
Reciprocating pumps, 71-74 
capacities of (table), 73 
Recommended air changes (table), 130 
Reduction units, gear, 159 
Reference lines, for foundations, 13 
Refrigeration costs, 320 
Regulating valves, 57 
Repairs, cost of (table), 350 
Reports in design, 423 
Requirements, air, 129 
Resistance to flow (graph), 92 
Rod mills, 244 

capacity and performance of (ta- 
ble), 327 

cost of (table), 327 
Roll mills, centrifugal, 245 
Roller conveyors, 236 
Roller mills, 244 
Rolls, crushing, 242 
capacity and performance of 
(tables), 327 
cost of (tables), 327 
Roofs, 104-105 
cost of, 315 
table, 319-320 
loads on, 106 

wind and snow (table), 107 


Roofs, materials for, 105-106 
weight of surfaces of (table), 107 
Room temperatures (table), 136 
Rope drives, 157 
data sheet on, 160 
Rotary dryers, 284 
Rotary screens, 251 
Runners, edge, 243 

S 

Safe bearing loads, on roofs (table), 
107 

on soil, 13 
table, 15 

Safety, in buildings. 111, 172 
and fire hazards (table), 114-118 
for labor, 172 
in process equipment, 172 
reading references on, 185-186 
in sanitation, 174 
in waste disposal, 174 
Safety collars, 153 
Safety considerations, 172 
Sanitary drainage, 33 
Sanitation hazards, 174 
Sanitation reading references, 383- 
385 

Saunder’s diaphragm valve, 45 
Sawtooth structure, 96 
Scrapers, drag-line, 239 
Screen cloth, 252 
Screening, 249 
Screens, 250-254 

apertures (table), 251 
capacity of (table), 328 
cost of (table), 328 
gyratory, 250 
rotary, 251 
shaking, 250 
size of (table), 328 
trommel, 250 
vibrating, 250 
Screw conveyors, 236 

capacity and performance of (ta- 
ble), 323 

cost of (table), 323 
Screw pipe, cost of, 324 
size of (tables), 402-403 
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Screw pumps, 78 
Screwed fittings, 39 
Sectioning, common uses, 11 
treatment of, 10 
Selection, of bearings, 151 
of building types, 110 
of equipment, for buildings. 111 
for materials-handling, 235 
for types of service, 219 
of insulation, 63-64 
of materials of construction, 217- 
218, 220-232 
metallic (table), 225-232 
nonmetallic (table), 220-224 
of motors (chart), 144-145 
of pipes, 37, 91 

of process equipment, 214-288 
of size-reduction equipment, 239- 
241 

Selling costs (table), 352 
Semiworks data, 197-198, 422 
Separation, air, 254 
centrifugal, 263-266 
electrostatic, 252 
of liquids from liquids, 266 
magnetic, 252 
mechanical, 248-266 
of solids, from gases, 248-249 
from liquids, 254-266 
from solids, 249-254 
Servicing, utilities, 263 
Settling and decantation, 263 
Settling basins, 254 
Sewer pipe, capacities of (table), 29 
Sewers, 31 
Shafting, 148 

horsepower requirements of, 150 
materials and sizes of, 149 
size, information required for, 150 
stresses found in, 149 
Shaking screens, 250 
Sheaves, 158 

Sheet-metal construction for build- 
ings, 101 

Sheltering, attendants, 96 
equipment, 98 
materials, 98-99 
Shredders, 2ib 


Single-story buildings, 94-95 
Size-reduction, 239-248 
application (chart), 241 
classification, 240 
cost of (tables), 324-328 
power costs for (tables) , 324-328 
power requirements for (tables), 
324-328 

Sketches, of plans and elevations, 
298-303 
of piping, 49 
value of, 4 
Skip hoists, 238 
Sliding-vane pumps, 79 
Slow-speed centrifugals, 264 
Small scale experimentation, 421 
Snow loads on roofs (table), 107 
Soil, bearing loads of (table), 15 
Solder-joint pipe, 40 
Solids pumps, 237 

Sources of information {see Biblio- 
graphic references) 

Space, floor, 294 
Special equipment, 214 
Special tube evaporators, 275 
Specific gravity of materials (table), 
404-407 

Specification form for equipment, 
216 

Specification writing, 216 
Specifications, 215 

for pipe materials (table), 41 
problem in design, 416 
Spindle-type vacuum filters, 259 
Spray driers, 287 

Standard buildings, design of, 107- 
110 

selection of, 110 
Standard equipment, 214 
Steam, consump.ion for engines 
(table), 142 

pipe size, determination of, 58 
for processing, 57 
properties of (table), 397-398 
reducing valves for, 57 
regulating valves for, 67 
saturated, 61 

properties of (table), 397-398 
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Steam, selection of pipe sizes for, 58 
superheated, 61 

enthalpy diagram for, 62 
Steam engines, capacities for (table), 
142 

Steam heat, 132 
Steam-jet siphons, 69 
Steam plant costs (table), 340 
Steam power, 141 

Steam service, supply pipe sizes 
(table), 60 

Steam velocity (chart), 59 
Storage, 292 
cost of, 338 
table, 338-339 
Stresses found in shafts, 149 
Suction conveyors (table), 323 
Supplies, water, 83 
Supports, lugs, 19-20 
pipe column (table), 26 
problem in design of, 409-410 
for tanks, 19 
Surveys, market, 164 
Symbols, for drainage systems, 35 
for electrical installations, 122 
for piping, 48 
for valves and fittings, 47 

T 

Tanks, capacities (table), 400-401 
cost of, 339 
horizontal, 22 
steel supports for, 19 
vertical supports for, 21-23 
wood supports for, 21, 24 
wooden, 87 

Technical factors for design, build- 
ings, 166 

development, 167 
equipment, 164 
flow diagrams, 164 
location of plant, 166 
market, 164 
plant layout, 166 

Temperature conversion tables, 392- 
393 

Textbook information, 179 


Thermal expansion of pipe (table), 
43 

Thickeners, 263 
cost of, 333 

Threading pipe, cost of (table), 
344 

Tile, building, 104 
drainage, 28 
Titles, 9-10 

Toilet facilities (tabic), 33 
Towers, cooling, 277 
water, 86 
cost of, 339 
Trade literature, 181 
Trade pumps, 72 
Transfer coefficients, heat, 396 
Transportation factor in plant loca- 
tion, 272 
Traps, 32 

Trommel screens, 250 
Trusses, 99 
Tube mills, 244 
cost of, 325 
Turbine mixers, 270 
Types, of buildings, 108 
of equipment for service, 219 

U 

Underground piping installations, 
51-52 

Unit operations, classification of, 
190-193 

Units, in tercon version, energy (ta- 
ble), 391 

metric (tables), 387-388 
temperature (table), 392-393 
volume and weight (table), 390 
Unloaders, wagon, cost of, 324 
Utilities, public, factor in plant 
location, 377 
servicing, 294 

V 

V-belts, 158 

Vacuum crystallizers, 281 
Vacuum dryers, 283 
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Vacuum filters, 258-263 
cost of (table), 331-332 
disk, 259 

drum, external, 259 
internal, 259 
spindle, 259 

Vacuum filtration, 258-263 
Valves, 44 
diaphragm, 45 

reducing and regulating, 51, 57 
Saunder^s patent, 45 
symbols, 48 

Valves and fittings, 39-45 
conventions, 47 
resistance to flow (graph), 92 
table, 408 

Variable production, 310 
and budgets, 309 
Variable-speed mechanism, 160 
Vats, cost of, 338 
Velocity of steam (chart), 59 
Ventilation, 128-129 
problem in design of, 415 
Vents, 32 

Vertical-tube evaporator, 274 
Vibratifrg screens, 250 
Visits to plants, 182 
Volumes and weights, interconver- 
sion (table), 390 
of materials (table), 405-408 

W 

Walls, 101 
cost of, 315 
tables, 317-318 
materials for, 104 
Wagon unloaders, cost of, 324 
Waste disposal, factor in plant loca- 
tion, 377 


Waste disposal, reading references 
on, 383-385 

Water, consumption for steam en- 
gines (table), 142 
factor in plant location, 374 
flow in pipes (table), 88 
pumping of, 85 
properties of, 397-398 
service demands for, 87 
Water equivalents (table), 399 
Water heads, pressures of (table), 
400 

Water pumps, capacities of (table), 
341 

Water requirements, 88 
Water sources, 83 
Water supplies, 83 
problem in design of, 412-413 
Water towers, capacities of (table), 
87 

cost of, 339 

Weights, interconversion (table), 390 
of materials (table), 405-408 
and measures, miscellaneous (ta- 
ble), 389 

metric (tables), 388 
Welded tnisses, 99 
Welding, cost of (table), 344 
Wells, cost of, 340 
Whirlbeater, cost of, 328 
Whiting^s concept, 167 
Wind loads on roofs (table), 107 
Wiring of industrial plants, 147 
Wiring systems, layout of, 147 
Working capital, 361 
Working drawings, 5 
Working pressure in pipes, 39 

Z 

2ioning factor in plant location, 376 






